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Preface 


The primary purpose of this book is to present in a sound 
pedagogical manner the usual course in trigonometry as 
offered in colleges and technical schools. Only those 
methods are employed which have withstood the test of 
many years of actual classroom use. The arrangement of 
topics is such as has been found desirable as a result of 
long experience. Even logical order has at times been 
sacrificed to make the material more teachable. For exam- 
ple, the special definitions of the trigonometric functions 
for acute angles are given before the more general defini- 
tions. Applications are introduced early, as it has been 
found that the student’s interest in a subject is consid- 
erably stimulated if he can see the utility of it. Moreover, 
the first problems have been made simple from a numerical 
standpoint in order to enable him to grasp principles and 
to learn methods without becoming lost in a maze of compu- 
tations. Formulas are developed as needed, so that there 
is a certain amount of purposeful alternation between 
theoretical and practical aspects. On the other hand, the 
discussion of the more difficult of the theoretical topics is 
postponed to the latter part of the book. Many students 
find it easier to solve triangles than to handle some of the 
analytic phases of trigonometry such as proving identities 
and solving equations. By solving triangles they acquire 
confidence, as well as a certain amount of familiarity with 
the relations among the functions, so that they^have a 
greater chance of success when they tackle the more diffi- 
cult portions of the subject. Too much analytic work in 
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yi! 

rendered during its preparation. The manuscript was 
critically read by five different advisers, and the sugges- 
tions of these advisers were given thoughtful consideration 
during the process of revision. The revised manuscript 
was then read in great detail by one of these advisers, who 
even worked all of the exercises. It is hoped that because 
of its careful preparation the book will be found both clear 
and teachable, as well as mathematically sound. 

P. R. R. 

Washington University 
St. Louis, Missouri 
January, 1942 
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the early part of the course has been found to discourage 
many students and to kill their interest. 

A few other features of the book seem worthy of note. 
An effort has been made to introduce simplifications into 
the treatment of certain topics, notably logarithms. The 
use of approximate numbers in computation and the ques- 
tion of significant figures have been stressed. Emphasis 
has been placed on the orderly arrangement of computa- 
tions. Sets of carefully chosen and carefully graded exer- 
cises are to be found throughout the book. Answers to the 
odd-numbered exercises are printed at the back, answers 
to the even-numbered exercises are available in pamphlet 
form. 

The book contains a complete course in plane and spher- 
ical trigonometry as these subjects are ordinarily taught. 
The part on spherical trigonometry has been made I’ather 
comprehensive in view of the present interest in subjects 
requiring a knowledge of this branch of mathematics. The 
student who has mastered this part will be well (H[uippe(l 
to pursue courses in navigation and avigation, asli’onomy, 
and other applications. If a shorter coui'se in plane tiago- 
nometry is desired, those topics marked with a, ^ may be 
omitted. A thorough course in computational trigonome(j\y 
is provided by the first seven chapters. Although, as stated 
above, the arrangement of material is that whi(‘]i seemed 
most desirable, the separate chapters are to a large ext,ent 
independent, so that the instructor who prefers a different 
oidei of presentation should have no difficulty in outlining 
a course to his taste. 

Advice concerning some of the figures and assistance 
with them were kindly given by my colleagues, Professors 
W. H. Roever and R. W. Bockhorst, to whom I am very 
grateful. 

My thanks are due to The Macmillan Companv for 
making every effort to give the book a pleasing format, 
and loi the very valuable editorial assistance whic'h fliey 
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CHAPTER 


Trigonometric Functions 
of Acute Angles 


1. Trigonometry. 

The word trigonometry is derived from the Greek and 
means ^^measurement of triangles.’’ The subject is princi- 
pally concerned with the measurement of triangles (i.e., 
their sides and angles), or, more specifically, with the 
indirect measurement of line segments and angles. For 
example, it is possible, by trigonometry, to measure the 
width of a river without crossing it, or the height of a pole 
or cliff without climbing to the top. 

The uses of trigonometry are many. The sciences of 
physics, mechanics, and astronomy could hardly have 
developed without it; practical arts, such as engineering, 
find it indispensable. It is a valuable aid in the study of 
periodic phenomena such as the tides, or even economic 
data which seem to be cyclic in their nature. Various spe- 
cific uses will be illustrated throughout the book, particu- 
larly in the examples and exercises. 

2. Trigonometric functions of an acute angle. 

Let us consider the right triangle ABC, with the right 
angle at C (Fig. 1). The sides op- 
posite the angles A, B, C will be 
denoted by the corresponding 
small letters, a, h, c, respectively. 

Then, by taking ratios of the 
sides of the triangle, v/e define 
three trigonometric functions of 
the acute angle A as follows : 

3 



Fjc;. 1 




EXERCISES 


cotangent of A (abbreviated cot A) 

_ side adjacent to A. 
side opposite A 



It will be noted that these three functions are the recip- 
rocals * of the other three, and we may write 


CSC A = 

sec A = 

cot A = 


sin A 
1 

cos A' 
1 

tan A 


sin A = — — - 
CSC A 


cos A ~ — — r 
sec A 


tan A = — — - 
cot A 


( 7 ) 


Note. Three other functions are: 

versed sine of A (abbreviated vers .4) = 1 — cos A , 
coversed sine of A (abbreviated covers 4i) = 1 — sin A, 
haversine of A (abbreviated hav A) — -|-(1 — cos i4). 

They will not be used in this book. 


EXERCISES L A 


Draw the right triangles whose sides have the following 
values, and find the six trigonometric functions of the angle A : 


1. a = 4, Z) = 3, c = 5. 

3. a = 2, 6 = 3, c = VT3. 

5 . a = 2 , 1 ) ^ a/5, c = 3. 

7. a - 8, 6 - 15. 

9. a = 7, c = 25. 

11. a = 1, 5 = Vs. 

13. a — 1, b — -1. 

15. A guy wire 15 feet long is 
tile foot of a vertical pot 
Find the sine of the angle 1 
zontal. 


2. a = 5, 6 = 12, c = 13. 

4. o = 1, Z? = 1, c = a/2. 

6. a = V2, h = \/3, c = VS. 
8. 6 - 21, c = 29. 

10 . a — o, h = 3 . 

12 . a = 1 , 6 = 3 . 

14. a = h = i. 

fastened to a jioint 13 feet ai)ove 
wliich stands on level ground, 
hat the wir(‘ makes with, the hori- 


' Tljc recipnx'.'d of a number is 1 divided by tho number. 



TRIGONOMETRIC FUNCTIONS OF ACUTE ANGLES [Ch. 1 


sine of ^4 (abbreviated sin A) 

_ side opposite A a 

hypotenuse c ’ ■ 

cosine of A (abbreviated cos A) 

_ side adjacent to A b 

hypotenuse ~ e’ 

tangent of .4 (abbi’eviated tan A) 

_ -"^^de opposi te ^4 a 

side adjacent to A // 

Thus, for example, in a right triangle in which a = 3, 
h = 4, c = 5 (see Fig. 2), we have 


A ^ 

COS 


tan A 


The values of these functions are completely determined 
B by the angle A. Thus, if we had an- 
other right triangle with the same acute 
cc angle A, it would be similai- to the 
« above triangle and its sides would be 

Q fbe same proportion. For example, 

Pig .^2 they might all be twice as long, na,mely, 

, . ^ — b, 5 = 8, c = 10. Then we should 

hare sin A = 6/10 = 3/5, as before, and similarly for Ihe 
other functions. On the other hand, if the size of aimJe .1 

were c anged, the values of these functions woidd be 

changed. 

Three, and only three, other ratios may also h<t formi'd 
Irom the sides of the triangle ABC. They ar(‘ 

cosecant of A (abbreviated esc A) 

^ hypotenus e __ c 
side opposite d “ a 

secant of A ^abbreviated sec A) 

= bypote rmsc* _ c 
side adjacent to .4 ~ // 



1i4] FINDING OTHER FUNCTIONS OF AN ACUTE ANGLE 7 


It is convenient to arrange the functions in pairs as fol- 
lows: sine and cosine, tangent and cotangent, secant and 
cosecant. In any pair, either function may be called the 
cofunction of the other. Relations (2) may then be ex- 
pressed by the single statement : Any function of the com- 
plement of an angle is equal to the cofimction of the angle. 


EXERCISES /. B 

Find the functions of angle B in exercises L A, 3 --14. 

4. Finding the other functions of an acute angle when 
one function is given. 

The following examples will illustrate how the remaining 
functions of an acute angle can be found if the value of one 
function is given. 


Example 7. 

Given sin A — As, A acute; find the other functions of A. 

Solution. Since sin A = — ? we have — = —■ Construct a 

right triangle with a = 5 and c = 33 (Fig. 3). (Note tluat it is 
not necessary to take a = 5 and 
c = 13; we could take a = 10 and 
c = 26, for example, or any other num- 
bers in the ratio of 5 to 13.) 

Making use of the theorem of Py- ^ 
thagoras, that the square of tiie hy- Fig. 3 

potenuse is equal to the sum of the squares of the sides, we liave 

^ ^.2 __ ^2 == 369 - 25 = 144, h - 12. 

The remaining functions of A can be read from the figure. 
Thus, 

= tI ’ tan A cm .1 = > sec A = , c.ot, A = ^ ■ 

1-^ o 32 5 




6 trigonometric func tions of acute angles [Ch. I 

16. A yardstick, held vertically on a level .sui-faee, casts a shadow 
" ' *1 ioor 8 inches long. Find the tangent of the angle that the 

rays of the sun make with the hoiizontal. 

17. A "roadway rises 55 feet in a horizontal distance of i- mile, 
' Find the tangent of the angle that it makes with the hori- 

zontaL 

18. All airplane is descending 225 feet per 1000 feet of horizontal 
di'^^aiice covered. '\^^hat is the cosine of the angle that its 
path of descent makes with the horizontal? 

19. One end of a foot ruler is placed against a vertical wall; the 
other end of the ruler reaches a point on the floor 9 inches 
from the base of the wall. Find the sine, cosiiK^, and tangent 
of the angle that the ruler makes (a) with the \\'’all, (b^ with 
the floor. 

■'-^20.. A box is 3 inches by 4 inches by 1 foot. Find the sine of the 
angle that a diagonal of the box makes with its longest edge. 


3. Functions of complementary angles. 

By referring to the definitions of the i.rigoiionietric func- 
tions (section 2) and to Fig, 1, we sec tiiat-, for the acute 
angle B, 


II 

CSC B = T’ 

D a 

COS B = -y 

sec B - 

C 

a 

tan B — -y 

cot B y- 

a 

1) 

these formulas 

1 with fornuiln.s (1) 


( 1 ) 


lion 2, and making use of the fact that A and /> arc com- 
plementary angles (i.e,, A + B = 00°), wc have 


sin B = sin(90° — A) = (‘os A^ 
cos B = cos(90° A) == sin A, 
tan B = tan(90° — A) ^ (*ot A, 

CSC B = CSC (90° — A) = s{H‘ A, 

sec B = sec(90° — A) esc. A, 

cot B == cot (90° — yl) = tan A. 


( 2 ) 
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Example 2. 

If tan A ~ 3, what are the other functions of A, it being under- 
stood that A is acute? 

Solution. tan .4=3 = “' 


Take a = 3, 6 = 1, and construct a right triangle (Fig. 4). Then, 
= ^2 + 2?- = 9 + 1 = 10, c = VTO. 


B 



6=1 

Fig. 4 


• . 3 3\/l0 ,, 

sm A = — — = — - — = 0.948/, 


cos A 

CSC A 

sec A = 


VTO 10 

1 ^ 

Vl6 , 10 
Vio 


= 0.3162, 


3 

vlo 


= 1.054, 


./?A . 


cot = g = 0.3333. 


EXERCISES /. C 


Find the other five functions of the acute angle A, given that 


1. cos A = |. 

4. sin A = |. 

7. sin A = ^. 

10. CSC A = f . 
13. sec A = 2. 

16. sin A = 0.8. 
19. tan A = ^ 

O 


2. tan A = |- . 

5. sec A = V2. 
8, cos A = I . 

11. cot A = I . 
14. cos A = h. 

17. sin A = ■^ 
2 

20. CSC A = V2. 


3. cot A = J . 

6. CSC A = 'Y . 
9. tan A = f. 

12. sec A = f . 
16. tan A = 0.5. 

18, COS A = •— • 
2 


21. sin A = f . 


22. tan A = ~ • 


V 


23, sin A 


2mn 
m^ + n^ 


FUNCTIONS OF 45°, 60", AND 30^ 


^5] 


24. Show that if A is aa acute angle, 

sin^ A + cos^ A = 1. 

(The notation sin* A means the square of the sine of A. For 
example, if sin A — f, then sin- A = (f)- = f.) 


Solution, sin^ A 4- cos^ A = 



4. L' + 

c- c- c- 



1 , 


since (see Fig. 5), by the Pythagorean 
theorem, = c^. 

Show that if A is an acute angle, then 

25. sec^ A — 1 + tan^ A. 

26. csc^ = 1 + cot^ A, 

27. cos A tan A — sin .4. 

28. cot A cos 4. = CSC 4. — sin 4. 


B 



^ 29 . 
* 31. 


1 + sin 4 cos 4 

cos 4 1 ~ sin 4 

sin 4 + tan 4 . , 

— — — I T- = sin 4 

cot 4 + CSC 4 


tan 


30. 


4. 


32. 


1 — 2 cos- 4 
sin 4 cos 4 


= tan 4 


cot 4. 


cos- 4 
— sin 4 


= 1 + sin 4, 


5. Functions of 45°, 60°, and 30°. 

To find thh functions of 45° we 
construct an isosceles right triangle 
(Fig. 6). It is convenient to make 
each leg equal to 1, that is, a = 1, 
6 = 1. Then, 



sin 45‘ 



10 


TRIGONOMETRIC FUNCTIONS OF ACUTE ANGLES [C|,.| 




1 


Xr = 0.7071, 

9 


sec 45° = V2 = 1.414 
cot 45° = 1 . 


tail 45' = I 7 

'I'lie decimal values are, of course, merely approximate. 


B 


In order to find the functions of 60 we take an equilateral 
triangle and draw the bisector of 
one of the angles. (See Pig. 7 .) 
This bisector divides the eqmla- 
teral triangle into two congrueat 
right triangles whose angles are 
60° and 30°. Let us consider one 
\ of these, namely ABC. If eacli 
\ side of the original equilateral tri- 
angle is 2 units in length, it fol- 
lows that in ABC, c = 2 and 
5 = 1 . since AC is half the base of the equilateral trian- 
gle. Then 

a- = c- — I- — 4: — 1 = Z, a = Vs. 

From Fig. 7 we read 


/Su^ 

K 

\ 


- / 


\ 


'■cc 


/ 

> 

1! 

\ 

/so' 

e 

\ 


b=i c 

Fig. 7 


sin 60° = — = 0.8660, 

9! 


COS 60° = 9 = 0*5, 


tan 60° = V3 = 1.732, 


CSC 60° = 

V3 

sec 60° = 2 , 
cot 60 


2V3 


= 1.155, 




From the same figure, or from the relations between the 
functions of complementary angles, we find 



EXERCISES 


11 


tan = 0.5774, 

\ o 3 

e^e 30' = 2, 

* N 3 

see 3C0 — — — = = 1.155« 

\ 3 3 

eot 30' = \ 3 ~ 1.732. 

6. Tables of functions. 

There are very few angles whose functions can be found 
by the foregoing methods of elementary geometry. It is 
possible, however, by other means to calculate the func- 
tions of any angle, ^’alues of the functions have been 
calculated and tabulated, as for example in the table on 
pages 12-14, which gives the values of the sine, cosine, tan- 
gent, and cotangent of all angles from 0^ to 90^ for inter- 
vals of ten minutes. 

To find a function of an angle less than 45"^ we locate the 
angle at the left-hand side of the table and the name of the 
function at the top of the column. Angles greater than 45® 
are located at the right-hand side of the table, and the 
names of their functions are located at the bottom. Oppo- 
site the angle, in the appropriate column, is found the value 
of the function. 

For example, we find the sine of 32® 40' to be 0.5398. 
Note that this is also the cosine of 57° 20', the complement 
of 32° 40'. Because of the relations between the functions 
of an angle and the functions of its complement, the table 
does double duty. 


EXERCISES /. D 

Find, in the table on pages 12-14, the values of the following: 

1. cos 28° 20'. 2. sin 67° 30'. 3. tan 15° 40'. 

4 . cot 79° 10'. 5. sin 45° 20'. 6. sin 0° 10'. 

7. tan 0° 10'. 8. sin 89°. 9. tan 89° 50'. 




Trigonometkig Functions 


tie sin tan cot 

cos 


angle 

sin 

1 tan 

cot cos 



1.00001902 

00' 

9® 00' 

.1564 

.1584 

6.3 13S ,9877 

^°00 


1.0000; 

50 

10 

.1593 

1614 

6.19701 .9872 

50 

^7i <o ironn 

40 

20 

.1622 

.1644 6,0844 

40 

‘i'l <- U4.59 

l.QOGQ 

30 

30 

.1650 

-1673 5.9758 9863 

30 

.=■■■ .01 IS So.l'-40 

.!j999 

20 

40 

.1679 

.1703 5.8708 9858 

20 

-O’ 1-15 OS-ToLs 

.99991 

10 

50 

.1708 

.1733 

5.7694 9853 

10 

• .0175 .0175 57.290’ 

.999s|89° 

00' 

10® 00' 

.1736 

1763 

5.6713, .9848 

^°00' 

, -.lO-l .0204'-49.104 

.9998i 

50 

10 

,1765 

1793 

5.5764 ,9843 


1 f '-vi ‘llo-i -lll.9o4 

.99971 

40 

20 

.1794 

1823 

5.4845; ,9838 


i 02A2 .'0262 3S.1SS, 

.9997 

30 

30 

1822 

.1853 

5.39.55 9833 


, .n29i'34.36S: 

.9996) 

20 

40 

18ol 

ISS.j 

5.3003 982T 


' .n.320 .0320 31.242; 

.99951 

10 

50 

,1880 

,1914 

5.2257 9822 


, .0349 .0349 2S.636 

.9994iS8° 

00 

11® 00' 

,1908 

.1944 

5.14461 9816179° 00' 

i .037S .037S 26.432; 

.9993 


10 

.1937 

.1974 

5.0658 9811 


> 04i^7 .0407 24.542i 

.9992, 


20 

.1965 

.2004 

4-9894 9805 


^ mm .0437'22-904' 

.9990; 


30 

,1994 

2035 

4.9152 9799 


i 04^5 .0466'21.470' 

.9989! 


40 

.2022 

2065 

4.84301 9793 


• .0494 .0495^20.2061 

.9988 


50 

,2051 

,2095 

4.7729! ,9787 


’■.0523 .0524; 19.0S1 

.9986187’® 00' 

:12° 00' 

.2079 

2126 

4., 70461 978l|78®00' 

1 .0552 .0553-18.075 

.9985 

50 

10 

.2108 

2156 

4.6382 9775 

50 

i .0581 .0582 17.169, 

.9983 

40 

20 

.2136 

2186 

4.5736 9769 


> .0610 .0612 16.350 

.9981 

30 

30 

.21641 ,2217 

4,5107 9763 

30 

1 .0640 .0641 ; 15.605 

.99S0| 

20 

40 

.2193 

,2247 

4.4494 9757 

20 

i ;.06G9 .0670' 14.924 

.99781 

10 

50 

.2221 

,2278 

4,3897 ,9750 

10 

1’. 0698. 0699| 14.301 

.9976) 86® 

00 

|13° 00' 

,22501 .2309 

4.3315 9744 

*77® 00' 

! .0727 .0729 13.727 

.9974! 


10 

.2278 

,2339 

4,2747] 9737 


i .0756 .0758 13.197 

.9971 


20 

.2306 

.2370 

4.2193 9730 


f .0755.0757 12.706 

.9969| 


30 

.2334 ,2401 

1653 9724 


1 .0514 .0816 12.251 

.9967; 


40 

.2363 

2432 4.1126 9717 


^ .0543 .0546 11.826 

.99641 


50 

,2391 

246214.0611 .97101 

’:0S72!.0S75i 11.430 

.99621 85® 00 

14® 00' 

.2419 

2493|4.010S 9703|76®00' 

.0901 .0904’ 11.059 

.9959 

50 

10 

.2447 


3.9617 


.0929 .0934 10.712 

.9957 

40 

20 

.2476 

2555 

3.9136 ,9689 


■.095S .096340.385 .9954 

30 

30 

.2504 

2586 

3.8667 ,9681 


.0957 .0992 10.07S 

.9951 

20 

40 

.2532 2617 

3.8208 .9674 

' .1016 .1022 9.7SS2 

.99481 

10 

50 

.25601.2648 

3.7760 .9667 


’,.1045. 1051 '9.5 144 

.994584® 

00 

^15° 00' 

.2588 

.2679 

3.7321 ,9659|75°00' 

.1074!.10Soi9.2553 

.99421 

50 

10 

.2616 

.2711 3.6891 .9652 


..1103;.1110;9.009S 

.9939; 

40 

20 

.2644 ,2742 3.6470 .9644] 

.1132.-1139iS.7769 

,9936 

30 

30 

.2672 .2773 3.6059 ,9636 


.1101 .1169:8.5555 

.993 

20 

40 

.27001 ,280513.5656 9628 


-1190;. 1198)8.3450 

.9929! 

10 

50 

.27281.2836 3.5261 9621 


''.1219!.122s!s.1443 

.9925183® 00 

[16® 00' 

.2756' .2867 3.4874'. 9613174® OO'I 

.1248 .125717.9530 .992; 

50 

10 

.2784.289913.44951 .9605 


:.1276.i2S7|7.7704i .9918 

40 

20 

.2812 

.2931 3.41241 9596 


.1305..1317:7.595Si .99141 

30 

30 

.2840 

.2962 3.3759 9588 


.1334;.1346!7.42S7 

.9911 

20 

40 

.2868 

.2994 3.3402 9580 


.i3G3!.13T6';7.26S7 

.9907] 

10 

50 

.2896 

,3026 3.30521 9572] 

1392' 1405;7.1 154 

.9903182® 00- 

17° 00' 

.2924 

.3057 3.2709 9563|73°00 

.142lU435’6.96S2 

.98991 

50 

10 

.29521.3089 3.2371 9555 


;.1449, 14651 6.S269 

.9894 

40 

20 

.29791.3121 3.2041 9546 


.1478 1495i6.6912 

.9890 

30 

30 

.30071.3153 3.17161 9537 


1507 152416.5606 

.9886 

20 

40 

.3035 .3185 3.1397 9528 


1536:. 15541 6.434S 

.9881 

10 

50 

.3062.3217 3.1084 9520| 

‘.1564U5S4i6.313S 

.987' |81‘ 

>00' 

18® 00' 

.3090i.3249 3.0777 951ll72®00' 

cos 1 cot j tan 

sin 1 angle 


cos 

cot 

tan 1 sin 
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angle 

sin 

tan 

cot 

COS 


18 

■ 4's' 


.3249 

3.0777 

.0511 72= LH 


li. 


.3281 

S.047a 

.0502 



2') 


.3314 

3.0278 

.9492 

40 




.3346 

2,9>'''7 

.94 s3 

3? 




.3378 

2.96C?0 

.9474 

2-’ 




.Sill 

2.9319 

.9465 

li 

il9- 

■ r«v 


,.8443 

2.9042 

.0455 7: 

l®00 



.32^3 

.3476 

2. 8770 

.9446 

of 



.3311 

.3598 

2.^562, 

.9436 

40 



. 333 s 

.3541 

2.8239 

.9426 

30 



.3305 

.05* 4 

2.7980 

.9417 

20 



.3303 

.3607 

2.7725 

.9407 

10 

>20’" 

l.*'j 

.3420 

.3640 

2. 4 4 • 5 

.9397 70® 00 



.3448 

.3673 

2.722S 

.9387 

50 


20 

.34 • 5 

.37rf6i 

2. 60 >5 

.9377 

40 


30 

.3502 

.3730 

2.6746 

.9367 

30 


40 

.3529 

.3772 

2.6511 

.935(-- 

21 » 


50 

.3557 

.3805 

2.6279 

.9346 

10 

21® 

00" 

.3584 

.3839 

2.6051 

.9336 69® 00 


10 

.3611' 

.3872 

2.5826 

.9325 

50 


20 

.363S' 

.3906 

2.5605 

.9315 

40 


30 

.3665 

.3939 

2.5386 

.93«j4 

.3(} 


40 

.3692 

.3973 

2.5172 

.9293 

2U 


50 

.3719 

.4006 

2.4960 

.9283 

10 


22- 00’ .3746 .4040 2.4751 .9272 68= 00 


10 .3773.4074 2.4545.9261 50 

20 . 3S00 .41 OS 2.4342 .9250' 40 

30 .3S27 .4142 2.4142 .9239i 30 

40 .3S54 .4170 2.3945 .922S 20 

50 .3SS1 .4210 2.3750 .9216 10 

23= 00^3907 .4245 2.3559 .9205*67® 00 
10 .3934 .4279 2.3369'.9194i 50 

20 .3961 .4314 2.31S3 .91S2 40 

30 .39S7 .434S 2.299S .9171: 30 

40 .4014.43^3 2.2817 .91593 20 

50 .4041 .4417 2.2037 .9147: 10 

24® 00’ .4067;.4452:2.2460'.9135;66® 00' 
10 .4094 .44S7 2.22S6 .0124’ ~~50 
20 .4120 .4522 2.2113 .9112= 40 

30 .4147 .4557 2.1943 ,9100i 30 

40 .4173 .4592 2.1775 90SS' 20 

50 4200 .462S 2.1609. .9075; 10 

25= 00’;.4226;.4663 i2.1445;.9063|66= 00' 
10 .4253i .4699 2.12S3' 9051 50 

20 .4279;. 4734 2.1 123^903S 40 

30 .4305L4770:2.0965^9026 30 

40 .4331 ,4S06:2.0S09; 9013 20 

50 .435S .4S41i2.Q655 9001 10 

:26®00' .43S4!,4S77j2.0503 .S9SSj64= 00 
10 .4410:.4913'2.0353 .S975i 
20 .4436i .4950:2.0204 .8962 
30 .4462' .49S6|2.0057 .8949 
40 .4488 .502211.9912 ,8936 
50 .4514;.5059 1.976S 8923 

27®00'i.4o40;.5095 1.9626 8910'63® 00' 
cos I cot I tan \ sin | angle 


angle sin ■ tan cot ^ cos 1 

127" -4540 .5095' 1.0626 .$910 63~ 00 

10 .4566 .5132 I.94SG .S.S97- 50 

20 .4592 .5169 1.9347 .SSS4: 40 

.30 .4617 .5206 1.9210 .SS70: 30 

40 .4643 .5243 1.9074 .88571 20 

50 . .4669. .52S0 3 .8940 .8843: 10 

|28"00'' 4695'.5317.I.SS07 .S$29;62° 00' 
10 ' .4720' .5354' 1 .8676 .8.8 1 o; 50 
20 474>-; .5.‘v*2 .>.>-02. 40 

30 ,4772 43'* *.'^41.'^ .S7’'’> 30 

40 ..4797.5i:>7 l.-2i6 .^r7■i 20 

50 ...4823 .5505 1. SI 65 .8760, 10 

|29= 00'^.4S4S .5543*l.S040i.S746:61® 00 
10 -.4874 .55814.7917 .8732’ 

20 '.4S99:.5619:1.779G .8718; 

30 ;. 4924 .5658 1.7675 .8704^ 

40 '.4959 .569^1 !.7550,.S6S9| 

50 ,.4975 .5735 :.7437:.S675| 

30= f»0 ‘.5000 .5774;i.732r. 8660 60= 00 
10 '.5025 .5812 1.7205 .8646 50 

20 .5050.5851 1.7090 .8631 40 

30 .5075 .5890 1.6977 .8616; 30 

40 .5100 . 59301 1.6S64;.SGai; 20 

50 .5125 .59694.6753 .S5$7i 10 

31® 00'!.5150U009!i.6643! ,8572! 59= 00 
10 5 175 .6048 1.6534 S557' 50 

20 .5200 ,60884 6426 .8542^ 40 

30 65225 .6128 1.6319 .8526^ 30 

40 ,.5250 ,6168:1,6212 .8511 20 

50 r.5275 , 62084 ,6107|.S496i 10 

32® OO'1 ,5299: 6249 1 ,6003' .S4S0|58® 00 
10 .,5324 62S9 1 ,5900 .8465 
20 9534S: 6330 1,5798 .8450; 

30 5373 63714 5697:. 8434? 

40' 6412 4,5597i.S4lSi 

50 i.5i22i 6453; 1 54971.84031 

= 00' .54461 .64944.5399; ,S3S7;57= 00 
10 1.54711 ,6536! 1.5301!. 8371 50 

20 ‘ .54955 .6577 1.5204| ,8355; 40 

30 .5519,' 66194.5108; ,S339i 30 

40 \5544: 6661 1.5013! 8323 20 

50 ^ .5568; .6703; 1.4919 .SSO- 10 

= 00^5592s6745!l.4S26i ,S290!56‘’ 00' 
10 ’ 5616^67S74.4733 .8274 50 

20 ; 56401.6830; 1.4641 .S25S| 40 

30 ■ ,5664i .68734.45501 ,8241 30 

40 ‘.56SSi.69164.4460..8225 20 

50 5712:. 6959; 1.43701.8208 10 

5® 001 .5736!.7002jl.42Sl .S192!55®^ 
10 5760:'. 70464.4193 .8175 50 

20 .5783;. 7089; 1.4106 .SloSi 40 

30 ,58071.71334.4019 .8141 30 

40 ,5S3li.71774.3934 .8124 20 

50 .58541.7221 1.3848; .81071 10 

:6= 00' .oS7S:. 7265; 1.3764^.80901 54° 00' 
COS I cot I tan sin angle 



Xmgo>;^03.jle;tkic XTr>i'ox’iozsrs 


axLgle sixi taxi cot cos 
136= oa .as7S .Ti2eo i.sre^J.sosols^qo 


ir> 

.oOOl- 

.7310 1.3030-3073 

oO 

20 

.o920 

.73So 1.3o97 .SOoOl 

40 

30 

.o94S- 

.7400 1.3014i.S039 

30 

40 

.;5972-- 

.7443 1.34321 .3021 

20 

oO , 

.o9;Jo, 

.7490 1.33oi^.S004 

lO 


|3T'^ CK>\.001S 
lO 

:20 .aOoo 
ao .ouSi> 
-iO .Gill 
au . .U13-4 ; 

f 3S C-iO . G 1 o « ■■ 
lU '.GlSOa 
ilL> .GiiUiil 
30 .62:2o[ 
O ' . fcj ■ 

oO .0371 


>3^ OO' .6293 

.S09S 1.2349. 777 

OO' 

lO .6316^ 

.$146 1.2276 .775 

50 

20 :.633S? 

.S195i 1-2203 .773 

40 

30 .6361 

.32434 2131 .771 

30 

40 .6333 

.3292.11 20591. 769i 

20 

oO .6406 

.33421 1 193Si .76' 

lO 

OO' .6423 

.3391 1.191S .766 

:a° OO' 

lO i.6460‘ 

.3441 1.1S47, 764: 

&o 

20 j.6472 

.3491 1. 17731 76i 

40 

30 1.64941 

.3541 1.1703 .760 

30 

40 .6ol7( 

.3591 ! 1.1640, 753 

20 

oO : ,6o39j 

.3642; 1.15711. '56- 

lO 

= 00';.6o6l’ 

,3693: 1-15041.754' 

OO' 

lO i.65S3. 

.S744| 1 . 143 . 752 

50 

20 i- 66041 

.3796 1.136 .750- 

40 

30 -6626 

.3347 

; 1.1305 .749< 

30 

40 i.664Si 

-SS99U-1237 .747< 

20 

50 :.6670 

.3952 

11.1171 .745 

lO 

42"" 00'j.6691 

.9004 

, 1.1106 -743 

4S° OO'I 

lO 1.6713; 

.9057 

11-1041 .7412 

50 

20 t.6734 

.9110 

1.0977 .7392 

40 

30 I, 67561 

.9163 

1.0913 .7373 

30 

40 j,6777; 

.9217 

1.0350 7353 

20 

50 1.671 

.9271 

1.O7S0 7333 

lO 

3® OO- .6S20i 

.9325 

1.0724i 731 

=T° OO' 

lO -6S41 

.9330 

1.0661 .7294] 

50 

20 1 

.9435 

1.0599 '274 

40 

30 I.6SS4: 

.9490 

1.053S 7254 

30 

40 i.6905| 

-954. 

1.0477i 7234j 

20 

50 1-69261 

.9601 

1.0416 7214 

lO 

144=* 00'i.6947| 

-9657 

1.0355j 7193 

OO 

lO 1-69671 

.9713 

1.0295 .717: 

50 

20 

.9770 1.0235 7153 

40 

30 .7009 

.9327 

1.0176i 7133j 

30 

40 .70301 

-9SS4 

1.0117 7112 

20 

50 .70501 

.9942 

l.OOoSj .7092; 

lO 

* OO .7071 1 

-OOOO 

1.0000] 7071 

OO' 

cos j 

cot 

taxDL 

ajcig^le 


.Tosa 1.3i>TO: 53=* OO^ 

.roSl 1.3190! oO 

.7Gl>7i 1.31 11 40 

-7073:1.3032 30 

-7720=1.29o4 20 

-770011-2370 lO 

.7Sl3il.2799i.7S5 |S3^ Q O^ 

.73604.2723 .7St 50^ 

790: 1.2047 .7344] 40 

.7904 1.2o72 .73^ 30 

.S002 1. 24971. 7S 20 

-SOoO. 1.2423 j. 779 lO 
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I i afTr .s, d^’C-n that 

10. .5 - tU)727. 11. ; m- . 1 = II.S02!. 12. tan .i = 2.3183. 

13. K- - ;!.27M,*. 14. .i = 0.0202. 15. .1 = 0.3665. 

16. ♦ . i = .f.ttjy:, 17. v, .:A = 6,S269. 18. .-in 2.4 = 0.1994. 

19. 2 .1 = I .iOOO. 20. .-hr,.! - 30’) = 0.6180. 

21. ta:. 2,! - .3i0 = 0.3240. 22. 2e(,.-:;,.4 10’) = 0.6786. 

23. i ;:.i ‘...I- \-aIue o; sin 2u’ -r sin 30’. Is this equal to sin 50°? 




CHAPTER n 


Solution of Triansles 


In Solution of right triangles. 

The use of tables of the trigonometric functions will be 
illustrated by some examples. 


Example h 


B 



FiC5. S 


A \’eriieal pole 8 feet tall casts a shadow 5 feet 
long on level ground. Find the angle which the 
rays of the sun make with the horizontal. 

Solution’. In Fig. 8, a represents the height 
of tlic pole, h represents the length of the shadow, 
A is the angle to be found. We have 

tan .1 = ? = I = 1.6. 
b 0 


From the talde on page^ 12-14 we find .4 = 58^ (to the neatest 
10 '). 


Example 2. 

A surveyor wishes lo measure the distance across a stream. 
Ih' sets up his transit at a point C on the bank of the stream, and 
sight-' on a ix^int B on the other bank directly opposite him. 
I hen he turns tlie transit through a right angle, and measures 
off a distance of lOt) fp»‘t to a point A. He moves the transit to 
A. and iiieasuri^s the angle CAB, which he finds to be 50^ How 
wide is the stream? 

SoLi'TiONn The eondiiions of the problem are illustrated in 
lig. !l. To find a, tlie distance across the stream, we proceed as 

follows : 

I tan A, a = tan A = 100 tan 50'". 

16 
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r>Mnj *lii on 12-14 we iind tan 50’ = 1.1918. 

Tliu^. 


a = imi X 1.1918 = 119.2 fi. 


A triangle Ls eoinposcd of six parts, the three sides and 
the three angles. To solve a 
I riangie is to find the unknown 
part.- from the parts that arc 
given. In the ease of a right 
tritiiigle this can always be 
done if we ha\'e given (besides 
the right angle; two parts, at 
least one of which is a side. 

In problems involving a 
right triangle ABC. it will or- 
dinarily he understood that the right angle is at C. 

In mlnng right triangles ice make use of four of the defini- 
tions. nameig. 



6=100 ft 
Fig. 9 


sin A = eos A = tan A = cot A -= 

^ c a 

and of the Pythagorean relation, 

a- + b- = C-. 

i'SSe seldom use the secant or cosecant, since tables of these 
functions are not so generally available.) Of course we 
sometimes find it convenient to use the relation 

A + B == 90^ 

and the fact that the functions of B are equal respectively 
to the corresponding cofunctions of A. 

From the foregoing relations we select one which con- 
tains the two given, or known, parts and the part which 
we ^ish to find. 



18 


SOLUTION OF TRIANGLES 


[Ch.« 


Example 3* 

rh^ niri- triaiiale ABC ia which c = 25, A = 32^ 10'. 

: To had we u-e the definition a-c — sin .4, which 

:o:.v;:o kaowa puns c a!id .4. We get 

S a — c >in -4 = 25 sin 32° 10' 

= 25 X 0.5324 = 13,3. 

To find b we use h;c = cos from 
which we get 

'C b = c cos A = 25 cos 32° 10' 

Fa-. Pi = 25 X 0.S465 = 21.2. 

90° = 89° 60' 

A = 32^ 10' 

B - 57° 50' 

Example 4. 

til' ? !i c ^ 27.2, b — 10.6; find .1, B, c. 

8oluii«:>x. 

tun .1 = ^ = ^ = 2.5660, .4 = 68° 40'. 

b 10.6 


The vtilue 2.5660 is not to be found in the table 
a!i pages 12-14. The value closest to this is 
2, 5605. which is me tangent of 68° 40'. Conse- 
purntly. ar- an approximation, we take 

-1 = 6S° 40'. 

In a lutiT siH'tiun ivi* shall learn how to find a more 
‘ici urate vuhie for an angle when the given func- 
tion I- between two consecutive values iii the 
table. 

B = 90° — .4 = 21° 20'. 



b=10.6 
Fig. 11 



c 


c sill .4 = a. 


c 


27.2 _ 27.2 

sin .4 sin 68° 40' 0.9315 “ 
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\V,' iHjiiId liUi nnd e hy using the relation c~ = a- -r h-, ob- 
values fnjin a table of squares, such as is to be found in 
1 M the Macinillan Logarithmic and Trigonometric Tables. 

^ :27.2 ' - (iO.6)- = 739.S4 ^ 112.36 - S52.20. 

Ihuiiu Table \’L just referred Uk we find 

c = 29.2. 

li /s rtcu^nmtndni that all ansivt rs be checked by obtaining 
b,e s(jI id lung's in iivo dijfereni ?ru^/a. 

It is also re(*oininended that a drawing be made to scale. 
From such a drawing it is possible to make at least a rough 
cheek of the results. 

EXERCISES //. 

In .'Solving the following exercises, use the nearest values 
tliat to l^e found in the tables. 

e the following triangle.s, in which C = 90°. 

L A == 35°, c = 5. 2. a = 6, c = 14. 

3. .1 = 37°, b = 53. 4 . J5 = 56°, c = 84. 

5. a - 23, 5 = 17. 6 . a == 1S.5, c = 37.2. 

7. B = 17° 30'. b = 92.4. 8. A = 57° 20L c = 0.0286. 

9. = 0.257, h = 0,856. 10 . b = 189, A = 13° 50'. 

11. A wire is stretched from the top of a vertical pole standing 
on level ground. The wire reaches to a point on the ground 
10 feet from the foot of the pole, and makes an angle of 75° 
with tlie horizontal. Find the height of the pole and the 
leiigiii of the wire. 

12. ^ A flagpole broken over by the wand forms a right triangle 

with the ground. If the angle which the broken part makes 
with the ground is 50°, and the distance from the tip of the 
pole to the foot is 55 feet, how tall w^as the pole? 

13. A ladder 36 feet long rests against a w’all, its foot being at a 
horizontal distance of 25 feet from the base of the wall, mat 
angle does the ladder make with the ground? 

14 . If a ladder 40 feet long is placed so as to reach a window 
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;iti hlgL. what angle doe.s it make with the level ground. 
Aid how far h it- foot from the base of the building? 

15. \ ladder 42 fta t lung is placed so that it will reach a window 
fert liigh ou one side of a street; if it is turned over, its foot 

being held in position, it 
will reach a wdiidow 25 feet 
, ^ high on the other side of 

the street. How’ wide is the 
street from building to 
building? 

16. A person on a ship sailing 

^ due south at the rate of 15 

miles an hour observes a 
lighthouse due west at 3 
pan. At 5 p.ra. the lighthouse is 52® west of north. How far 
fn in the lighthouse was the ship at (a) 3 p.m.? (b) 5 
4 OUiU? 


Ar.e^ 


ii^rizxA^ 

Fio. 12 


p.m.? 


angle of elevation of an object which is above the eye 
n: till ob-ei’Vrr i> ilie angle which the line of sight to the 
Mfjjeet ir.akt‘s with the horizontal. If the object is below the 
uye iA the observer, the angle which the line of sight makes 


with the horizontal is 
» idled the angle of de- 
pression of the oi)jeet. 

17. From the top of a cliff 
25h h^'T high the angle of 
diu])ri‘S>ion of a lx)at is 
10 ". How far out is the 
r><>at from the foot of the 
cliff? 

18. From a window 30 feet 




Horizontal 


^ / Angle of 


depression 






Fig. 13 




above the level ground, a building 100 feet high, and at a dis- 
tance of 200 feet, is obser\’ed. Find the angle of elevation of 
the top of the building and the angle of depression of its 

ba-e. 


19. At a point 160 feet from a building, and in a horizontal line 
with its base, the angle of elevation of the top of the building 
i*! 37®. How’ high is the building? 
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8. Interpolaflon, 

Wilt* II ail angle such as IS' 47" eannot be found in the 
margin of the table on pages 12-14. we can approximate 
more (*loseiy the values of its functions b}” a process known 
as interpolation by proportional parts. This will be illus- 
trated by means of examples. 

Example h 

Find sin IS" 47a 

Solution. The angle 1S°47' is between 18^40^ and 18° 50'. 
Its sine is Ix^tween the sines of these two angles. We write the 
problem in the following form, in which the differences in the 
angles are shown at the left, and the differences in the values of 
the function are shown at the right. 

sin 18= 50' = .3228 

10' > sin 18° 47' = ? ' ,0027 

. ' <iti 1S° 40' = .3201 ; 

Although it is onh* approximately true, we assume that changes 
in the function are proportional to changes in the angle. With this 
assumption, we have 

= 0.7, X = 0.7 X 0.0027 = 0.00189. 

CUT this down to four piace.s, since we arc dealing with a four- 
place tal4e, and write x = 0.0019. Then, 

sin 18= 47' = 0.3201 -j- 0.0019 = 0.3220. 

1 hih value is correct to four places, as may be verified by consult- 
ing more extensive tables. 

Example 2. 

Find cos 18= 47'. 

bOLUTiON. The same form of arrangement is used as in ex- 
ample 1. However, it xvill be noted that the smaUer angle has the 
larger cosine, and to facilitate the subtraction of the functions we 
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rite it \ 'Fin* qiiaatity x is used, as in example 1, to repre- 
tie !inkiiiAvn ilititTonee between the function of the smaller 
uiiitk* liiu! lie '•maOer fuiictiuii; and the function to be found. 

cos 18= 40' = .9474 , 
it;- ‘ (•uslS=47'= ? ;‘*'^0009 

cu.-? 1S= 50' = .9465 


-ta. ^ L = 0.7, J- = 0.7 X 0.0009 = 0.00063. 

^*ia: tiie funetion decre^ases as the angle increases, we have 

ecw 1S= 47' = 0.9474 - 0.0006 = 0.9468. 

if i)i;« ire exteii.si\’e tables are used, it will be found that the value 
t<> four places is actually 0.9467. 

Likewise, when a function cannot be found exactly in the 
*ah!(\ we use inverse interpolation to find the corresponding 

angle more accurately. 


Example 3. 

Given ran A = 1.194S; find *4. 

SoLi'Tiox. The function lies between 1.1918 (corresponding 
to 50" 00 'j and 1.1988 (corresponding to 50® 10')- 



tan 50® 10' = 1.1988 
tan A = 1.1948 
tan 50® 00' = 1.1918 


.0030 ' 


.0070 


_ 0.0030 _ 
10' ” 0.0070 “ 
A = 50® 4'. 


a: = 4'. 


Example 4. 

Givpn CO- A = 0.7034 : find .4. 

VOLITION. The function lies l:>etw*een 0.7030 (corresponding 
45" 20') and 0.7050 (corresponding to 45® 10'). We v^n*ite the 
i unctions with the largest at the top to facilitate the subtraction. 
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to ^^'prf^-o^it the tIilTerence between the 
o..u.II^=r id two TtikfU from table and the angle to be 

-T uill thoti tie* miuaint to he added to the smaller angle. 


ei» 45' ill' = .7050 
eo^ J = .7034 
eos 45^ 2o' = .7030 


.0020 


.r^ _ O.tHilG 

llV ' i).0i)20 
A = 4rr I8h 


r - S'. 


The process of interpolation can be used on any table 
|)r?.)vided the values are sufficiently close together. For 
♦\xanipie. it (*an !)e used on a table of squares or a table of 
square roots. 

EXERCISES IL B 

Find, by interpolation in the table on pages 12-14, the 
fuliowing iimetuiiis: 

1. sin 3lM4k 2. tan IS^ O'. 3. cos 27° 18'. 

4. eos 39° 42'. 6. sin 55° o'. 6. cot 43° 18'. 

7. tan 19° 26'. 8. sin 27° 24'. 9. eos 45° 34'. 

10. sin0°3'. 11. cotS9°51'. 12. sin 88° 22'. 

13. tanSS°51'. 14. cos 74° 32'. 15. cot 65° 17'. 

Find angle .1 by interpolation in the table on pages 12-14, 
given that 

16. sin .4 = 0.4S27. 17. tan .4 = 0.3899. 18. cos A = 0.8643. 

19. cot A = 2.5626. 20. tan .4 = 1.3900. 21. sin *4 = 0.3290. 

22. sin A = 0.S026. 23. cos A = 0.3785. 24. cot .4 = 0.3785. 

25. sin A = 0.0130. 26. tan .4 = 0.0130. 27. sin .4 = 0.1060. 

28. tan .4 = 0.1060. 29. cos .4 = 0.9800. 30. cotT = 2.0000. 

Solve the follo^dng triangles, in which C = 90°: 

31. a = 6.84, c = 20. 32. a = 23, h = 17. 

33. A - 57° 12', e - 0.0286. 34. B = 17° 26', h = 92.37. 

35. fit = 18.5, c = 37.2. 36. .4 = 32° 24', b = 9.46 

37. .1 = 19° 44', a = 22.8. 38. h = 15.4, c = 20.2 
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39. A = 45° 2', h = S.22. 40. B = 15° 53', a - 189. 

41. a = 0.236, c = 1.S4. 42. a == 17.6, h = 16.7. 

43. A = 11° 1', c = 101.6. 44. A = 78° 15', h = 32.22. 

45. a = 12.34, c = 100.3. 46. a == 12.34, h = 100.3. 


47. A rectangle is 87 feet by 136 feet. Find the length of the 
diagonal and the angles that it makes with the sides. 

48. A surveyor wishes to find the width of a stream without 
crossing it. He measures a line CB along the bank, C being 
directly opposite a point A on the farther bank (i.e., angle 
ACB = 90°). The line CB is measured to be 98.25 feet, and 
the angle ABC to be 55° 56'. How wide is the stream? 

49. Find the height of a vertical pole which casts a shadow 67 feet 
long on the level ground when the altitude of the sun is 
50° 22' (i.e,, the raj^s of the sun make an angle of 50° 22' with 
the horizontal), 

50. Find the inclination, or angle of ascent, of a road having a 2^ 
per cent grade (i.e., there is a vertical rise of 2| feet in a 
horizontal distance of 100 feet). 

51. To measure the height of a building, a surveyor sets up his 
transit at a distance of 112.2 feet from the building. He finds 
the angle of elevation of the top of the building to be 48° 17'. 
If the telescope of the transit is 5 feet above the base of the 
building, how high is the building? 

52. From the top of a tower 63.2 feet high, the angles of depression 
of two objects situated in the same horizontal line with the 



Fig, 14 


base of the tower, and on 
the same side of the tower, 
are 31° 16' and 46° 28' 
respectively. Find the dis- 
tance between the two 
objects. 

53 . A wheel, 3 feet in diame- 
ter, rolls up an incline of 
15°. When the point of 


contact of the wheel with 
the incline is 4 feet from the base of the incline, what is the 
height of the center of the wheel above the of the in- 

dine? 


54. A roiif 20 by 30 tlie latter Wmg the horizontal dimension. 
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i> incliiiffi at an aiieir* nf oU' tiio ht>rizr»ntai. i-ind the angle 
that a diagonal of the rijof niakoa with the horizoiitah 

*"55. A wail extendiiia o:i>! aiid west is 6 feet higli. The sun has an 
altitude of 49“' 32’ exercise 49,^ and is 47" 2T east of 
south. Find the width of the shadow of Tin* wail on level 
ground. 

56. A 30-fooT nagstan is iixed in the center of a circular tower 
40 feet in diamet‘:^r. From a point in the same horizontal plane 
as the foot of the rower the angles of ele\'ation of the top of 
the flagstaff and the toj’j of the 
tower ar(‘ found to be 36® and 
30® respectively. Find the 
height of tlie tower. 

57. Ifj in the preceding exercise, 
the flagstaft is hxed on the 
edge of the tower, what is the 
height of the tower? 

^58. It is required to measure tiie 
height of a tower, CB (Fig. 

15), which is inaccessible. 

From a point A. in the same 
horizontal plane with the base C. a right angle CAD is turned, 
and a horizontal line AD, 1 50 feet in length, is measured. At A 
the angle of elevation of the top of the tower is 32®, at D the 
angle of elevation is 2S®. Find the height of the tower. 

^59. A football player stands at a distance c behind the middle of 
the goal. He sees the angle of elevation of the nearer crossbar 
to be 2/ and that of the farther one to be v. Show that the dis- 
tance between the goals is c(tan u cot v — 1). 

60. Two points in line with a tower, and in the same horizontal 
plane with its base, are 160 feet apart. From the point nearer 
the tower the angle of elevation of the top of the tower is A, 
from the other point the angle of elevation is B. If sin A = 3/5 
and cos B = 12/13, what is the height of the tower? 

*9. Components. 

The trigonometric functions have direct application in 

physics and mechanics. A displacement (change of posF 

^ Tonics marked with this symbol may be omitted in a short coai^e. 
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tion), velocity, force, or any other quantity having both 
magnitude and direction, can be represented by a line 

having a certain length and 
a certain direction. 

For example, suppose that 
an automobile is traveling 
at the rate of 40 miles an 
horn' along a straight road 
East ^rj^ich makes an angle of 
27° to the north of east. Its 
velocity can be represented 
by a line OP, 40 units long, extending in the direction shown 
in Fig. 10. Let M be the projection of P upon an east- 
west line (that is, the foot of the perpendicular from P to 
such a line), and let N be its projection on a north-south 
line. Then, 

OM = OP cos 27° = 40 X 0.8910 = 35.64, 

OX = OP sin 27° == 40 X 0.4540 = 18.16. 

At the end of an hour the automobile will be 35.64 miles 
east, and 1S.16 miles north, of its position at the beginning 
of the hour. Thus, we may think of its velocity as being 
composed of an easterly velocity of 35.64 miles an hour and 
a northerly velocity of 18.16 miles an hour. The projections 
03/ and OX represent the components of the velocity 
represented by OP. We say that OP is resolved into its 
eomponenis 03/ and OX. Conversely, we say that OP 
is the resultant of 03/ and OX. 

Example 1, 

A boat, whieii can travel at the rate of 4 miles an hour in still 
water, is pointed directly across a stream having a current of 
3 miles an liour. What will be the actual speed of the boat, and in 
what direction will the boat go? 

SOMTION. In still water the boat would go out at right angles 
to the bank at tla- rate of 4 miles an hour. But the current carries 


North 
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it downstream 3 units for 4 unit> that 

it _ 2 oe> across. In Fia. 17.0.1/ xhc 

VfTijeity of the eitrnatt. ami tho 

v«4oeity that tlte hunt wuiiiii Lav(- if :h-:*c‘ 
were no eurreiit. The at-tua: v»‘iijei:y <;f riio 
boat will be represented by OP. Th.e magni- 
riide of OP i< \ 3- -r 4- = 5. If A is trie an- 
gle that OP makes with the bank, then er 
hav e tan .4 — t — ano .1 “ *)♦> a'. 

iiiiarelv. That i<, thelaiai will travel at asoei-d 


Cjrrent 



u! 5 niilts an hour in a flin^cuheu tnakirtg an ; 
the !)ank. 


ngle of a.bt^ur 53' with 


Current 


Example 2 . 

How* inusr ihe boat of the pn^eediiig example lie rolnied in 
order to go straight aeross the stream? 

Solution. The boat must be pointed so 
that velocity of 4 miles an hour will have 
a component parallel to the bank which will ex- 
actly offset tlie effect of tiie eurreiu. Tiiat is, 
it must iiave an up>tream component o: 3 miles 
an hour. From Fig. IS w*e see that cos .4 = -v- 
= 0.75. and .4 = 41.5^ approximately. Thus, 
to go straight aeross the stream, the boat should 
be pointed at an angle of 41.5® with the upsiream direction. 

Example 3. 

Two forces of 100 pounds and SO pounds respectiveh* act on a 
w*eight as shown in Fig. 19. so :b., 




too lb. 


Whai will be their horizontal 
effect, and wdiat will be their 
vertical or lifting effect? 

Solution. The horizontal 
component of the 100-lb. force 
is 100 cos 25® = 90.63 lb. to the right. The horizontal component 
of the SO-ib, force is SO cos 50® = 51.42 ih. to the left. Thus, the 
total horizontal force tending to move the weight to the right is 

90.63 - 51.42 = 39.21 lb. 
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The total lifting force is 

100 sin 25^ + 80 sin 50^ - 42.26 + 61.28 = 103.54 lb. 

Example 4, 

Find the magnitude and the direction of the re^ 
sultant force (the single force that is equivalent to 
rhe two given forces) in example 3. 

/ j Solution'. The components of the resultant are 
39.21 lb. to the right, and 103.54 lb. upward. There- 
.<ultant force is 

V- (39.21)2 (103.54)-^ = 110.7 lb. 

3^21 !b^ ' If A is the angle that the resultant makes wdth the 
ihi, 20 horizontal, 

tan .;4 = ~ nearest 5'). 

That is, a .single force of 110.7 lb., acting at an angle of 69® 15' 
witli the horizontal and toward the right, will have the same 
effect as the two given forces. 


EXERCISES II. C 

1. The westward and southward components of the velocity of a 
ship are 6.7 knots and 12.5 knots respectively. (See exer- 
cise 7.) Find the speed of the ship and the direction in which 
it is sailing. 

2. A force of 150 pounds is acting at an angle of 55® with the 
horizontal. Find its horizontal and vertical components. 

3. A balloon is rising at the rate of 10 feet a second and is being 
carried horizontally by a wind which has a velocity of 15 miles 
an hour. Find its actual velocity and the angle that its path 
makes with the vertical. 

4. A boat L> being rowed north at the rate of 5 miles an hour, and 
the tidc^ carries it west at the rate of 3 miles an hour. Find 
the actual speed of the boat and the direction of its path. 

5. A river flows at the rate of 1.5 miles an hour, (a) In what 
direction must a man swim in order to go straight across, if hi« 
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rate of swiiiiniiatx in \vat*‘r 2.o inllo^ an hour? (b) How 
long will it lake liiin to (To>'- if tlie rivtT .1 mile wide? 

6. A banie is 'hieing towetl nnri b at the rate of 15 miles an hour. 
A man walk> aurs:^-> tiie deek. from we<t to east, at the rate 
of 6 feet a seeond. Find the idreetion and the magnitude of hi^ 
aetiial veioeity. 

7. A ship is traveling at a speed of 20 knots. (A knot is a nautical 
mile per hour, a nautical mile being a| 3 proxiinaie!y 1.1516 
statute miles of 5280 feet each.'; When directly opposite 
a target it fires a gun whose proiecrile has a velocity of 2000 
feet a second. At what angle witli the direction of motion of 
the ship must the gun be |X)iiited in order to hit the target? 

8. An airplane whicli lias a speed of 120 miles an hour in calm 
air is headed southeast. A wind having a velocity of 15 miles 
an hour is blowing from the southwest, (a) Find the magni- 
tude and the direction of the velocity of the airplane with 
reference to the ground, (b; How must the airplane be 
pointed in order to fly southeast, and what will be its actual 
speed? 

9. A weight of 150 pounds is placed on a smooth plane surface 
wiiich makes an angle of 35® with the horizontal, as shown 
in Fig. 21. The weight is held in place by a string parallel to 
the surface and fastened at the top 
of the plane. Find the pull on the 
string. 

Suggestion. The pull will be 
equal to the component of the 150- 
pound weight parallel to the plane. 

10. A block is held in position on a 

smooth inclined plane by means of a string as in Fig. 21. If 
the pull on the string is 27.3 pounds, and the inclination of 
the plane is 24® 505 tvhat is the tveight of the block? 



0. Isosceles triangles and regular polygons. 

Since the perpendicular from the vertex of an isosceles 
triangle di\ddes it into two congruent right triangles, vre 
can solve the isosceles triangle by solving one of these right 
triangles. 
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To solve a problem involving a regular polygon of n sides, 
we may first divide it into n congruent isosceles triangles. 

Example h 

A garage has a gable roof whose 
rafters make an angle of 35° with the 
horizontai. What is the length of a 
rafter if the wddth of the garage is 10 
^ feet? 

Solution. In Fig. 22, AD repre- 
sents the width of the garage and AB the length of the rafter. 



cos 35° 


O' 

C 


cos 35° 0.8192 


Example 2, 

Find the length of the .side of a 
regular pentagon inscribed in a circle 
VI radius 6 inches. 

Solution. Each side of the penta- 
gon subtends a central angle of 
> X 360° = 72°. In Fig. 23, angle 
. 1 BC ~ I- X 72° = 36°, and angle 
BAC = 90° - 36° - 54°. In triangle 
ABC, 



^ ^ 54°. h = 6 cos 54° = 6 X 0.5878 = 3.527 

iZ) — 2b = 7.054 ill. 


EXERCISES If, D 

1. Eaeii of the equal angles of an isosceles triangle is 40° 15' 
the ba-^e 15 inches.^ Find the remaining parts and the area! 

2. Each of the equal sides of an isosceles triangle is 11.52 inches 
the vertex angle h 32° 15h Find the ba.se. 

3. The equal sklt'S of a wedge are 4.2 inches, the base is 1.6 
inehe-. Find the angles. 
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4. Find tIh* radius of a eireie in wiiinh a rdiord siihteods 

an anain of 12' a’ dio reiut/r. 

5. Tiio rad:;;- of a cdr^no is 40 die vd a i-iiord i- 

70 incdios. Fi::.I reiitra! an;:7^ -nlnfa:d'/d i^y :hi* rhorJ. 

6. Find tho :‘adiu> of a eircd^ in widni: a oin/rd of 7.1 inches sub- 

Tends an ande of 142^ 30' a: ^ 

7. Find the ehorti of ti 35® arc in a cin-le of radiu- 14 inches. 

8. I'Uiii ilir iU a Otdt i.ia>-nia‘ aruruid non* pulleys v.'rie.'-e 

radii aiv* 14 iia'he- aiui ^ i!iii;e- rt--ptH*:!Ve;y. 
aiii^i wiiUM* iU-ta!ie«' ap:trt. net v\>*e!i 5';Citer-. 
lU I eel. 

9. A barn has a gable roof whos»s rafters are 20 
feet long. The width of t!ie ijarn is 30 feet. 

Find the angle th.a: the rafters ntake with, 
the liorizonial. Find tiie area of o!:e of th.e pio. 24 

gable ends (i.e., the triatigle in Fig. 24;. 

10. A bam is 30 fee: wdde by 60 feet long: tlie rafters make an 
angle of 40® with the horizontal. Find tite area of each of the 
two gable entis and t'he area of the roof. 

11. Fisid tlie raditis. tlw aporhein Jjjerpendieiiiar distance 

the eeiiter lo a side.u and the area of the following regular 
|H>lyguns: fa ' a dtaaigon whose sitle is 10 incia's; fo; a 9-sided 
polygon whose sidt' is 15 inches; ;c} a 20-sided polygon whose 
side Is 6.75S inches. 

12. The radius of a circle is 100 feet. Find the perimeter and the 
area of (a) a regular inscribed pentagon; (b- a regular in- 
scribed decagon; (c; a regular circumscribed pentagon; (d) a 
regular cireurascribed decagon. 

13. The area of a regular pentagon is 560 square feet. Find the 
radii of the circumscribed and inscribed circles. 

14. A metal nut f inch thick is in the shape of a regular hexagon, 
the distance between the parallel sides Ijelng Iv inches. The 
eireiilar hole Through the center is f inch in diaineier. Find 
the amount of metal in the nut. 

15. Show that the area of a regular polygon of n sides circum- 
scribed about a circle of radius r is 

. . ISO® 

nr- tan 

n 
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16. Show that the perimeter of a regular polygon of n sides in, 
scribed in a circle of radius r is 


2nr sin 


180° 


Solution of oblique triangles by means of right 
triangles. 

Oblique triangles can always be solved by breaking them 
up into right triangles. The following examples illustrate 
the methods used in the four typical cases which arise. 
Usually^ however, it will be found more convenient to em- 
ploy other methods and formulas for solving oblique 
triangles. These will be developed in a later chapter. 


Case I. Two angles and a side given. 


Example 1. 

C 



Then, in the right triangle A 
Now. in the rigiit triangle 


In the triangle ABC, A = 40°, 
B = 60°, c == 50. Find the re- 
maining parts. 

Solution. C = 180° ~ (A + J5) 
= 180° - (40° + 60°) = 80°. 
Draw the altitude from one end 
of the known side. Suppose that 
this altitude is AD = h (Fig, 25). 
BD, h = 50 sin 60° = 43.30. 


h ^ 43.30 
sin C sin 80° 


44.0. 


Side a may be found in a simUar manner by dmwmg the altitude 
from B, or by computing the segments BD and DC and adding 

them. 


Case II. Two si(ks and the angle opposite one of them 
gaen. (See discassiou, section 53, pages 84-86.) 
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Example 2. 

Give'll A = 75". (I = 20. b ~ 10: find B. f\ 


So!..riiON. Draw rla- ahirud*'* 
CD — h (Fis. 20'i. alrit:id<‘ 

iH»t be drawPi from tlie ve^r- 
tex of the known aiide.'- In the 
riglii triangle ADC. 

h = h Cm .1 = lOsin 75" = 9.659. 

In the right iriangk* BDC, 


c 




a 


20 


0.4S295, 


B = 28^ 53h 


C == ISO^ - (A -f B) = 180^ - 103= 53' = 76^ 7'. 


Side c may be similarly found b\’ drawing the altitude from B, 
or by computing the segments AD and DB and adding. 


III. Two sides and the included angle given. 

Example 3 , 

Given a — 25, h = 30, C = 50®; find the other parts. 


Solution. Draw an altitude to one of the known sides, prefer- 
ably the larger. Suppose that this 
altitude is BD = h, and that it 
divides the side BC into the segments 
CD = m and DA = n (Fig. 27). Then, 

k — a sin C — 25 sin 50® = 19.15, 
m = a cos C — 25 cos 50® = 16.07, 
n =: Jj ^ m = 30 - 16.07 = 13.93, 

= A2 4- = (19.15)2 + (13.93)2 = 560.S, c = 23.7. 



Angies A and B can now be found quite easily. 

Case IV. Three sides given. 

Example 4. 

The three sides of a triangle are a = 5, 6 = 6, c = 9. Find the 
angles. 
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Solution. Draw an altitude to one of the sides, preferablv 
the largest. Suppose that this altitude h divides the side Ah 

into segments AD ~ m and 
DB = n (Fig. 28). Then, 

== 36 — m- == 25 - n-, 
7/1= - = 36 - 25 = 11, 

^ \d ^ ^0 11 - 

Fifl. 28 

m + — 9 , 

and con.sequentiy, m — n = 

Solving these simultaneous equations, we get 

46 35 

m = ^. n 

cos.l=^ = P 0.8519, .4 =31.6^: 

0 It ^ 


B 0.777, 

fi 9 


B : 39.0°; 


C = 1&)° - i.l 4- B) = 180° - 70.6° = 109.4°. 
EXERCISES II. E 

Solve the following triangles; 

1. A = 30°. B = 80°, fl = 1.5. 2. .1 = 35°, b = 17, c = 32. 

3. A = 70°. a = S, f = 5. 4. S 100°, C = 30°, 6 = 75. 

5. G — 2.3, h = 1.5, c =1.6. 6. a = 26, c = 40 B = 62° 

7. C = 100^ a = S2. c = 105. 8. a = 95, h = 102, c = 150, 

9. From the top of a hill, 
the angles of d;e})rf‘.-siuii 
of two sueees.-ive mik*- 

stone.< un a level road, / 

which leads straight awa}" / 

from the hill, are 5" am! \/ 

15" respectively. Find "Jr-- ^ ^ 

the height of the liill. ‘ ‘ ' draivTi to scale). 


Suggestion. In Fig. 29 EE is drawn i^erpendicnlar to 4 0 
Find BE. then BO, finally CD. 
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10. Ar a c*/r!ai!i horizoiital distaiirr- from the iool of a vertical 
eiifr. unirle uf ea-vatiou of the top of a flagpole 50 feet tali 
^*andial: u!i the e*dge (A the ehn b 40^. From the same posi- 
tion. the anaie iV elevatiutt of thi* foot of the pole is 35". 
li*}W high is the i-hff? 

11. Ar a certain point, the anizh* of elevation of the top of a 
hagpoie. winch ^tatuis on itoxh ground, is 35". Seventy-five 
feet nearer the pole, the angle of elevation is 50”. How high is 
the pole‘^ 

12. SiAve tile preceding exercise if the angles of elevation are 30° 
and 45° respectively. 

13. From a window 30 fee: above the .street, the angle of depres- 
sion of the curb on tlie near side of tiie street is 50°, that of 
the curb on the far side is 13°. How wide is the street from 
curb to curb? 

14. At a point in tiie .<ame liorizoiitai plane with the foot of a 
vertical clirT 150 feet high, the angles of elevation of the top 
and tlie bottom of a flagpole standing on top of the cliff are 
20° and 16° respectively. Find the height of the pole. 

15. Points A and B are on opposite sides of a lake. At a point 
C, wliich is 456 feet from .1 and 5S0 feet from the angle 
.<iibtended by the line AB is 44°35h Find the distance from 
.1 to B. 

16. Tlie sides of a triangle are 20, 25, and 30. Find the length of 
the altitude to the longest side. 
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1 2. Approximate numbers. 

An approximate number is one which differs slightly 
from the exact number for which it stands. In trigonom- 
etry we deal almost entirely with approximate numbers. 
With certain exceptions (e.g.. sin 30° == i = 0.5), all of the 
tabulated values of the trigonometric fmictions are ap- 
proximations. Thus, when we w'rite 

sih 45° = = 0.7071, 

we do not mean that sin 45° is exactly equal to 0.7071, but 
that 0.7071 is the four-place number which is closest to the 
value of sin 45°. 

All measurements are approximate numbers. WTien we 
measure a line to the nearest tenth of an inch and say that 
its length is 1S,3 inches, we mean that the length is be- 
tween 1S.25 inches and 18.35 inches. 

13. Rounding off numbers. 

It is often desirable to reduce an approximate number to 
one of less accuracy. This process is called rounding off 
the number. In rounding off a number w’e choose the 
nearest numlHra- having the desired number of places. Thus, 
if we round off 4.25:>7 to thousandths, we get 4.254. If w^e 
round it cff to hundredths, we get 4.25.* To tenths, the 
number is 4.3. 

* Here it .v» ulci be De^t to '.vrite 4.2,5-r. Siniiiarlv, in rounding off the 

36 
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Ih foundihg off a numUr tiding in 5, to a number hating 
i^ne ie^s diyiL it is c*iistoiiuiry to make the resulting number 
in an eren digiL Tlius, 17.25 becomes 17.2, while 17.75 
heroines i7.S. 

■^14. Error. 

The difference between an approximate value of a quan- 
tii y ami its exact uv true value is the absolute error of the 
approximate 'caliie. In the approximate number IS.3, the 
niaximuin a!)sulute error is 0.05, since 1S.3 cannot be less 
than iS.25 or greater than 18.35. The relative error is the 
quotient of the absolute error divided by the true value, 
f Ordinarily the true value is not ascertainable, and we are 
forced to use the approximate value for the divisor. This 
does not make an appreciable difference in the quotient.) 
The maximum relative error in the example just given is 
0.05 1S.3 = 0.003, or 0.3 per cent. 

Relative error is independent of the position of the 
decimal point. Thus, a measurement of i.S3 inches, al- 
though accurate to hundredths, is relatively no more 
accurate than a measurement of 1S.3 inches. For the maxi- 
mum relative error of the approximate number 1.83 is 
0J305 1.S3 = 0.003, and rids is exactly the same as the 
maximum relative error of 18,3. 

1 5. Significant figures. 

The illustration of the preceding section indicates that 
relative accuracy does not depend upon the number of 
decimal places or upon the position of the decimal point, 
but upon the number of significant figm^es that the number 
contains. A significant figure is any one of the digits from 
1 to 9 inclusive, and 0 except when it is used to fix the deci- 
mal point or to fill the places of unknown or discarded 
digits. 

number 6.347, it would be best to write 6.3o— . This is helpful if the number 
Is to be rounded off still further. 
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The O’s in 0.75 and 0.0024 are not significant figures. 

The 0 in 6.80 is a significant figure. In this connection, 
note that 6.80 means a number between 6.795 and 6.80.5, 
whereas 6.8 means a number between 6.75 and 6.85. The 
number 6.S0 has three significant figures, and is more 
accurate than 6.8, which has only two. 

The significance of O’s at the right of a whole number k 
doubtful. For example, if it is stated that a man’s income 
for a certain calendar year is $5000, it is impossible to say, 
without further information, which, if any, of the O’s are 
significant figures. If his income tax return were available 
and diowed his income to be $5043.75, the first 0 in the 
$5000 would be significant but the other two would not. 
If the return showed his income to be $5122.80. none of 
the O’s in the 85000 would be significant. 


1 6 . Scientific notation. 

The leading digit of a number is the first non-zero digit 
from the left (i.e., the first significant figure). A number is 
said to be expressed in scientific notation when it is written 
as the product of a number having the decimal point just 
after the leading digit, and a power of 10. (When the deci- 
mal point is just after the leading digit it may be said to 
!>e in standard position.) 

The method of changing from the usual to the scientific 
notation is illustrated by the following examples : 

237.65 = 2.3765 X 100 = 2.3765 X 10= 

0.0054 = 5.4 -e 1000 = 5.4 X 10"’. 

It is possible to indicate, by wTiting a number in scien- 
tific notation, whether the O's at the right of a number are 
significant. Thus, if in the number 1.300,000 the first two 
O's are .significant but the last three are not, we could write 
the number in the form 1.300 X 10*. 
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EXERCISES HI. A 

1. Hound off tho uuiowiiiu: ntiuibers to one le>r deeiinai place; 
12.34, 29.S7, 4,00, 1.306. 0.251. 0.215. 6S.2, 63.25. 1.9909., 
1 .0095. 2.355, 2.345, 2.354, 2.350. 

2. Round oiT the folhiwina- iiuir.ljer.-^ (a) to three decimal places, 
'h Ti> three signideaiit d.trtires: 1.2464, 0.5S64, 12.9065, 12.9055, 
2.3505, 16.0031, 0.003664. 

3. Fiiidi th(t‘ maxiniuin relative error in each of the following 
approxirnat(‘ number.-: 24.2, 105.16. 3S.9S5, 0.002. 0.00025. 

4. How many signihcant ngiire.s an* there in each of the following 
numbers? 39.46, 1.004, 1.400, 0.0014, 100.03, 0.00005, 123S92, 
200 . 0 . 

5. Underline the .significant Os in the following numbers, and put 
a question mark under eaeli doubtful 0: 10.02, 10.20, 0.20, 
0.02, 0.020. 25000. 2506. 0.00300, 0.20500. 20500. 

6. Express the following numbers in seientific notation: 256S35, 
0.000232. 0.000.000,006. 3S76.5. 9S4.S76, 1.462,817. 

7. Write each of the following numbers in ordinary notation: 
l.S X lOu 2.35 X 10-\ S.4S2 X iOh 3.7 X 10-h 

*17. Addition and subtraction of approximate numbers. 

When two or more approximate numbers are added, the 
sum cannot be more accurate than the least accurate of 
the numbers, (This is in the sense of absolute accuracy, 
not relative accuracy.) For example, consider the sum of 
the numbers 2.36S3, 81.02, 0.0457. The sum cannot be 
accurate beyond hundredths, so some of the numbers can 
be rounded off. "We carry them, whenever possible, to one 
more piac'c than the Ica.st accurate number, on the theory 
that the errors in these numbers tend to compensate for 
each other (that is, that positive and negative errors occur 
in nearly equal proportions). Thus, we write 

2.36S 

81.02 

0.046 

83.434 

The sum should be rounded off to hundredths, giving 83.43. 
The above remarks apply also to subtraction. 
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* 1 8 . Multiplication of approximate numbers. 

Suppose that the sides of a rectangle are measured a? 
5.73 and 6.42 inches respectively. The area would be found 
by multiplying these numbers together; thus, 

area = 5.73 X 6.42 = 36.7866. 

However, this result is not accurate to as many significant 
figures as are given. For the approximate number .5.73 
means some value between 5.725 and 5.735; similarly, 6.42 
means a value between 6.415 and 6.425. Therefore we can 
merely say that the area is between 

/• 5.725 X 6.415 = 36.725875, 

and 5.735 X 6.425 = 36.847375. 

'^Therefore, in the product 36.7866 we retain only three sig- 
, "jnficant figures, namely 36.8; even then the last digit is not 
absolutely certain. 

In general, we are not justified in retaining more signifi- 
cant figures in a product calculated from approximate 
numbers than the least accurate of the factors which go to 
make up the product. Thus, we round off all the factors 
to the number of such figures in the least accurate factor. 
The multiplication can then be performed in contracted 
form, in which the partial products are carried just one 
place beyond the last place which is to be retained. The 
following illustration of the multiphcation. of 6.42 by 5.73 
exhibits the method : 


6.42 

5.73 

32.10 

4.49 

.19 


36.78 
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'Fhe iir>i partial product is obtaim^d by multiplying the 
niuitiplicanil 6.42, by the leading digit. 5, of the multiplier; 
thus, 5 X 6.42 = 32.10. 

Multiplying by the ne.xt digit of the multiplier, we have 
7 X 2 = 14, aiui we should write the 4 one place to the 
right of the 0 in 32.10, and on the next line below, carrying 
the 1. However, we do not write down the 4, as it does not 
iH>atribute lo the accuracy of our final product, but merely 
I'arry the 1, In this way, we find 4.49 as our second partial 
product . 

Before finding our third partial product, we strike out 
the 2 in the multiplicand. Then we find that 3 X 4 = 12, 
and carry the 1 to add to 3 X 6. Thus, the third partial 
product is .19. 

The sum of the partial products is rounded off to three 
significant figures, giraig 36.S as the final product. 


*19. Division of approximate numbers. 

As in multiplication, so in division, we can show that in 
general it is useless to retain more figures in the quotient 
than the number of significant figures in the less accurate 
of the two numbers, dividend and divisor. Consequently, 
we note which of these contains the fewer significant fig- 
ures, and round the other off to the same number of such 
figures. If, after this has been done, the dividend, without 
regard to the decimal point, is less than the divisor, we re- 
store one digit to the dividend. (J^ee example below.) The 
quoiient is carried to the same number of significant fig- 
ures as are contained in the divisor. A contracted form of 
the division process as applied to the example 36.78 6.42 

is showm on page 42, 

Here, if the dividend were rounded off to 368 (decimal 
point omitted), it would be less than the di\’isor, 642. 
Hence, we retain four, rather than three, figures in the 
dividend. 
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5.73 

6.42)36:78 
32 10 
4 68 
4 49 
19 

li 

After the first partial product (5 X 642 = 3210) has 
laeen subtracted, we do not bring down a 0 from the divi- 
dend, but strike out the final digit, 2, in the divisor. 

The next digit in the quotient will obviously be 7. We 
note that 7 X 2 = 14, but do not write down the 4; we 
merely carry the 1. The partial product is 449. 

The process is contmued as far as possible, cutting down 
the dhisor by one digit at each stage. The final quotient 
i.s 5.73. 

*20. Square root. 

It will be assumed that the .student is familiar tvith the 
method of extracting square root learned in arithmetic. 
How a table of squares, such as is to be found in Table YI 
of the Macmillan Logarithmic and Trigonometric Tables, 
can be used to expedite the process will be illustrated by 
extracting the square root of 13,50 (considered as an exact, 
not an approximate, number). 

135o!oO (36.7 
(3G7\5 = 1346 89 
2 X 3t>7 = 734 3 11 

After separating the number into groups of two digits 
each, starting at the decimal point and going both to left 
and to right, we note that the largest square contained in 
the group at the left, namely 13, is the square of 3. Turning 
to the ,'.'t'0 ^ ( I [able \ I, we find that the largest square 
ju.st below IM.AMJO is 1346S9, which is the square of 367. 



EXERCISES 


43 


r^ubtnii.^uiii^ the >(|uare uf 307. we have a remainder of 311. 
llii> i'- prnre.^.- i-irwi? :ii-!y learned, exc*ept that we have 
-iibtraried the <iiuare uf a three-digit number instead of 
ihai i.)i li uiie-digit number. 

The prcH'ess may now be continued as usual. It may be 
noted, however, that if we have obtained k significant 
liaiires in the .square root, then k — 1 more may be obtained 
by dircisioii. Thus, in the present example, we maj" divide 
oil by 734 and obtain two more significant figures in the 
square root. 

*21 . Use of caiculatfng machines. 

If a calculating machine is available, the contracted 
forms of multiplication and division are of course not used. 
All that has been said about significant digits, however, 
iiolds. For example, it would be absurd to carry the quo- 
tient of 36.7S -r- 6.42 out to eight or ten figures, even though 
the division could easily be performed on a machine. 

While it is pos.sible to extract square root on a calculating 
machine, an effective method is to use a table of squares, 
such as Table \l* in conjunction with a machine, employ- 
ing the machine to perform the final division. 


EXERCISES ill. B 

Perform thr following operations, retaining the proper 
liUmber of significant figures: 


L 35.8 X 41.6. 

3. 14.26 X 3.S60. 

5. 5028 X 46.09. 

7. 43.8 X 13.1 X 32.8. 
9. 13S45 X 89.763. 

11. 63.1 21.5. 

13. 52.96 1.895. 

15. 2500 ^ 16.9S, 

17. 1436,5)“. 

* Or Barlow’s Tables. 


2. 5.25 X 4S. 1. 

4 . 529.6 X 29.64. 

6. 0.1283 X 127400. 

8. 0.532 X 0.00567 X 12.3. 
10 . 7.2S3 X 283.4 X 5.437. 
12 . 0.5929 ^ 3.801. 

14 . 2.451 -h 1903. 

16. 32.17 712.3. 

18 . (71.48)=. 
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35.8 X 9.''' 12.34 X 1.986 

286.4 

Extract the square roots of the following quantities, carr}'. 
ing the results to four significant figures: 

21. 1683. 22 . 25648. 23 . 17,986. 

24 . 0.01534. 25 . 0.6843. 26 . 1.0076. 
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22. Logarithms. 

The logarithm of a number /o a g/ren bme is the exponent 
of (he power to which the base must he raised to yield the 
number. It is assumed that the base is positive and differ- 
ent from i, and that the number is positive. 

Thus, since 2® = S, 3 is the logarithm of S to the base 2. 
This may be written in the form logo S = 3. More generally, 
we write 

log*, .V = X, (1) 

where Ir = .V {b > 0, ^ 1: X > 0). (2) 

Forms (1) and (2) are equivalent. 

The base in most common use is 10. Since, for example, 
10“ = 100, we have logic 100 = 2. As we shall deal almost 
exclusively with logarithms to the base 10 (that is, common 
logarithms), we shall omit the subscript indicating the base, 
and write simply log 100 = 2. Thus, 


10’ = 

1000. 

or 

log 1000 = 

3 

10’ = 

100, 

or 

log 100 = 

2 

10* = 

10. 

or 

log 10 = 

1 

10“ = 

1, 

or 

log 1 = 

0 

10-* = 

0.1, 

or 

log 0.1 = 

-1 

10-’ = 

0.01, 

or 

log 0.01 = 

— 2 

10-’ = 

0.001, 

or 

log 0.001 = 



The logarithms of integral powers of 10, such as the fore- 
going, can, because of the very meaning of logarithm, be 
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expressed exactly. Although the logarithm of a number 
such as 3, for example, cannot be expressed exactly in the 
decimal notation, we assume that a number x exists for 
which 10^ = 3, and that an approximation to this number 
can be found. Actually, such an approximation, to five 
decimal places, is 0.47712, and 'we write log 3 = 0.47712, 
?^imilarly, log 3.262 = 0.51348. (How these values are ob- 
tained from tables will be explained later.) 

23 . Mantissa. 

Assuming that 

log 3.262 = 0.51348, 

1(4; us WTite 

IQo.oizAs ^ 3 262. (1) 

^^lultiphang both sides by 10, tve get 

IQi.zuis = 32^62, 

which, in logarithmic notation, is 

log 32.62 = L51348. 

By dividing both sides of (1) by 10, we get 

1Q0.51C1S-1 ^ 0.3262, 

or log 0,3262 = 0.51348 — 1. 

This could also be vTitten log 0.3262 = —0.48652,* but it 
is usually more convenient to keep the decimal part of a 
logarithm positive. This positive decimal part of a loga- 
rithm is called the mantissa of the logarithm. 

The two examples given above illustrate the fundamental 
principle: For numbers haring the same sequence of digits, 
such as 3.262, 32620, 0.003262, the mantissa of the logarithm 
F the ^ameA 

Found by subtracting 0.5134S from 1 and prefixing a negative sign. 
t Provided that the base is 10. 
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24. Characteristic. 

The iiiiegraL ur whou-nunilier. part of a a>jz::nthm is 
railed the characteristic. Thu<. sia<*e log 32.62 = 1.51*i4S, 
the rhararteristie of the logaritlaii ui 32.62 is 1. 

Since log 1 = 0, and log 10 ~ 1, the iogarithni of a iiimi- 
i>er between 1 and 10, lor example 3.262, is between 0 and 1 
in value, and consequently has the characteristic ().* We 
shall say that such a number has the decimal point in 
standard position, namely after the first non-zero digit. 
(See section 16.) 

Each time we muliiply a number by 10 we move the 
decimal point one place to the right, and each time we 
divide by 10 we move the point one place to the left. But 
each time we multiply a number by 10 we increase the 
logarithm of the number by 1. and eavh time we divide a 
number by 10 we decrease its logarithm by 1, as was seen 
in the illustration above. Thus, we may state the following 
rule for finding the charaeterLstie: 

If a number has its decimal point in standard position 
(i.e., after the first non-zero digit.-, the charaeierislic of tiie 
logarithn cf Ike number is zero: if the decimal point is no! 
in standard pcfsition. the characteristic (f the logarithm tf the 
number is equal to ike number of places the point has been 
moved from standard position, and is positive if the point has 
been mmvd to the right, negative if it has been moveel to (he 
lefLr 

For example, in the number 7S460, the decimal point has 
been nunred from standard position vafter the li 4 places 
to the right (after the 0), a.iid the characteristic of the 
logarithm of the number is therefore 4. 

In the number 0.03262, the point has been moved from 
standard position 2 places to the left. The characteristic 
of the logarithm of the number is therefore —2. In fact, 

* A characteristic should always be written, even though it is 0. 

Note that the characteristic is also equal to the exponent of 10 when the, 
nujnher is ivritteyi in scientific yiotaiion. (See section 16.) 
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since we vsaw above that log 3.262 = 0.51348, we may 
write 

log 0.03262 = 0.51348 - 2. 

It is frequently convenient to write this in the form 

log 0.03262 - 8.51348 - 10. 

The rule given for determining the characteristic ako 
tells us how to point off a number corresponding to a given 
logarithm. (The number corresponding to a logarithm is 
called the antilogarithm. More precisely, if log iV = x, then 
A' is the antilogarithm of x,) 

Thus, if we have given 

log N = 2.51348, 


we know from the illustration above that the number N is 
composed of the sequence of digits 3262. Since the charac- 
teristic is 2, the decimal point has been moved 2 places to 
the right from standard position. Therefore, 

N = 326.2. 


EXERCISES IV. A 


Determine the characteristic of the logarithm of: 


1, 

436. 

2. 

25. 

3. 

3280. 

4. 

4 . 

5. 

0.136. 

6. 

0.2, 

7. 

0.42. 

8. 

0.04. 

9. 

0.0075. 

10. 

1.0075. 

11. 

0.1075. 

12. 

52.684. 

13. 

21.64. 

14. 

384.6. 

15. 

2500. 

16. 

0.3S4. 

17. 

8.124. 

18. 

0.2960. 

19. 

3S0000. 

20, 

0.006934. 

21. 

0.02796, 

22. 

7,952. 

23. 

98. 

24. 

98.5. 

25. 

98.52. 

26. 

985. 

27. 

9852. 

28. 

0.9S52. 

29. 

0.985. 

30. 

0.98. 

31. 

0.09S. 

32. 

0.000.001,2. 

33, 

60,000,000. 

34. 

6 . 

35. 

0.6. 

36. 

0.600. 
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25. Finding the mantissa. 

1:1 :i siuiidard :ive-pl:u*e table of logarithmSj such as 
I'-Jde I oi the ^Lu-iidllaii Logarithmic and Trigonometric 
Taides. the iirsi ihivv digits of a luimber are found at the 
left ef tile page, the fourth digit at the top or bottom, the 
corresponding niaiitissa decimal point omitted) being in 
the same row as the iirst three digits of the number and in 
the same column as the fourth digit. The student should 
verify that the mantissa of the logarithm of 3262 is .51348. 

I’o find the logarithm of a number composed of five 
digits we irnist u.^e interpolation. section 8.) 

Example. 

Fir.d log 32.627. 

Solution. Find the nanuhsas fur th.e numrHa*- next above and 
next below 32.62: 


.Uioj , 


Jiiimber Mantissa 

(decimal point omitted) 
32.630 51362 


ol34sVJ 


i4 


A-^'miing tliat the change in tlie mantissa is proportional to the 
change in t lie number, we have 


0.007 _ , 

14 ~ 0.010 "" 

X = 0.7 X 14 = 9.S. 

.Mantissa = 5134S 4- 10 = 51358. 
log 32.627 = 1.5135S. 

Once the principle of proportionality or proportional 
parts is understood, the work can be arranged more com- 


* This is only approximately true. 
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pactly in some such way as the following, or may^ 
performed mentally. 

32.63 -- 51362 
32.62 51348 

difference == 14 

X 0^ 

9.8 

5i348 

log 32.627 = 1.51358 

(The symbol ^ may here be read “corresponds to. ‘0 

EXERCISES IV. B 


Find the logarithm of each of the following numbers: 


1. 6S. 

2. 68.3. 

3. 359. 

4. 381. 

5. 2. 

6. 2.87. 

7. 3000. 

8. 751.5. 

9. 8428. 

10. 0.4313. 

11. 0.02156. 

12. 56980. 

13. 250000. 

14. 0.00036. 

16. 7.851. 

16. 1.003. 

17. 15.95. 

18. 0.003097. 

19. 2.9645. 

20. 23572. 

21. 6784.8. 

22. 67.843. 

23. .54326. 

24, 38.794. 

25. 6.3129. 

26. 0.34732. 

27. 0.000,876,95. 

28. 1.0006. 

29. 9.9982. 

30. 99.992. 

31. 99998. 

32. 0.10101. 

33. 0.000,100,01. 

34. 2509.9. 

36. 829.99.. 

36. 91.119. 


26 . Finding the antilogarithm. 

^ The process of finding the number corresponding to a 
given logarithm is illustrated by the following examples: 

Example 1. 

Find the number whose logarithm is 7.91121 - 10. 

SoLrxiox. The mantissa is found exactly m the table. At the 
eft v,e find 815; at the top we find 1. Thus, the number is com- 
med of the .sequence of digits 8151. The characteristic is 7-10 
— 3. Con.^^equently, the decimal point must be moved from 
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<ninda:\i i:fv>inuii uifipr r!u‘ 8 3 places to the left. Therefore the 
nu!rd.*--r i> sLdnsioi. 

Example 2 . 

Given iug X = 1.91123; find A*. 

Solution. Here we use inverse inrerpolarion. 

Maniissa Number 


9i 

i2t; 

^152 -1 

•91 

123 


■9! 

121 

SI5|W 



? = 0.4. 
o 

S1.5I4. 


EXERCISES IV. C 

niinil;)er eorre-rionding to e 

2. 1.76042. 


Find the 
iogariilims: 

1, 0.69S97. 

4. 4.26174. 

7. 3.76253 - 10. 

10. 0.63994. 

13. 7.19767 - 10. 

16. 5.1S752. 

19. 0.S3445. 

22. 9.00000 - 10. 


6. 0.S127S - 1. 

8. 3.63337. 

11, 0.690S5 - 2. 

14. I.4S762. 

17. 6.15465. 

20. 6.36021 - 10. 

23. 1.00009. 


leh u! I lie followirii 

3. 2.93601. 

6. 9.96741 - 10 

9. S.S4442 - 10 

12. 1.51416. 

15. S.S2326 - 10 

18. 9.79029 - 10 
21 1.94548. 

24. 0.99993. 


27, Laws of logarithms. 

Since logarithms are exponents., they obey the laws of 
exponents, it being assumed that these laws hold for irra- 
tional as well as rational exponents.* 

I. The logarithm of a product is equal to the sum of the 
logaritluns of its factors. 


See the author’s College Algebra. 
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or 


\ogb M = X, logb N = y. 
M = h^, N = 
MN = = 5^+^ 

logfe MN = :i* + '!/, 
log6 ikfiV = log& M + Icgb N. 


The proof can easily be extended to cover the case of 
any finite number of factors. 

11. The logarithm of a qiioiient is equal to the logarithm oj 
the dividend minus the logarithn of the divisor . 

Using the same notation as above, we have 


or 


1 il/ 

hgb Y = ^ “ l/» 

M 

logs = logs M - log& N. 


III. The logarithm of the mth power of a number is equal 
to m times the logarithm of the number. 

If logj, N = Xj then N = and 

logj = m, 

or log& = m log& N. 

IV. The logarithm of the mth real positive root of a nimher 
is equal to one mth of the logarithm of the number. 

This is really the same as III, since Thus, 

log!,v^= ilogsJV. 


28 . Logarithmic computation of products and quotients. 

The advantage of logarithms in performing multipKca- 
tion and division is that these operations can be 
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by the simpler operation^ of addition and subtraetion 
re5pee!i\’eiy. 

If mii>! be realized that results are onJy approximate. 

Example 7 . 

Find tlu.^ value of o2,62 X S.GT'F 

SoLUTiox. Deiiotiilg the product i,n' J". we have 

log .r = log 32.62 -r log 8.673. 

We arrange the work a> follow^: 

log 32.62 1.51348 

log S.t^ 0.63S17 
>iini = iog.r 2.45165 
X 2S2.‘J 

Example 2 . 

Find the value of S.673 32.62. 

iroLUTiox. Let the quotient be denoted by x. Then 


log X = log 8.673 — log 32.62. 


IogS-673 0.93S17 
log 32 .62 1.5134S 

Here we are subtracting the larger quantity from the smaller. 
In order to keep the mantissa positive, we add 10 to, and subtract 
10 from, tlic logarithm of 8.673, getting 

log S.673 ; 10.93817 10 

log 32.62 1.51348 

difterence = iogj: ■ 9.42469 — • 10 
X \ 0.2659 


3262 X L7S6 
532.1 X 0.8673“ 


Example 3 . 

Find the value of 
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Solution. We note that 

log fraction = log numerator — log denominator, 

and arrange the work as follows: 

log 3262 : 3.51348 log 532.1 2.72599 

log 1. 7S6 i 0.25188 log 0.8673 9.93817 - lo 

log numerator i 3.76536 log denominator 12.66416 - 10 
log denomina tor j 2.66416 
log fraction j 1.10120 
fraction | 12.62 

Note that we do not interpolate to find a fifth figure in the 
antilogarithm because of the rules for com^putation with approx- 
imate numbers. 

29. Cologarithm. 

WTien one number is to be divided by another we may 
change the problem to one of multiplication by using the 
reciprocal of the divisor. For example, 3 2 = 3 X i. 

The logarithm of the reciprocal of a number is called the 
coiogaritiun of the number and is abbreviated colog. That 
is, 

colog W = log ^ = log 1 — log N = -log N. 

riius, the cologarithm of a number is the negative of flie 
logarithm of the imynher. Consequently, in solving a prob- 
lem in di%’ision by means of logarithms, we may either sub- 
tract the logarithm of the di'tdsor or add its cologarithm. 
Ihere is no advantage, but rather a disadvantage, in using 
the cologarithm "when only tw’o numbers are involved in a 
division problem. There is, however, some advantage, 
purtieularh' in the arrangement of the solution, when more 
than one number occurs in the denominator of an expres- 
sion. 

The eologarithm of a number is obtainpH K.r 
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the iogarithin of the number from lug 1. that is, from 0. 
1lie 0 is usually written in the form 10 — 10, and the sub- 
traction (*aii he |)erfnrmed menialiy, after some practice, 
Ijy the following method: Begin at the left, and subtract 
fmm 9 each digit the logarithm except the last non-zero 
digit, ivhich mu:^! he subtracted from 10, 

Examples. 

Iug;i2.(i2 = l.amSi, IulHi.OIoOS = S.17S40 - 10, 

32.02 = 8.4st)r>2 — 10. eoiug 0.01508 = 1.82160. 

Following is a solution of example 3 above wiiieh employs 
CO logarithms : 

log 3262 3.5134S 

log L7S6 0.251 SS 

colog 532.1 7.27401 - 10 

colog Q.S 673 0.Q61S3 

log fraciioii : 1 1 . 1 01 20 — 10 

fraction ; 12.62 

30. Logarithmic computation of powers and roots. 

The operations of raising to powers and of extracting 
roots are greatly facilitated by the use of logarithms, be- 
cause it replaces these operations by the simpler ones of 
multiplication and division. 

Example h 

Evaluate (3.262)^. 

Solution. Let x = (3.262)h* then log x = 4 log 3.262. 

log 3.262 0.5134S 

X 4 

log 2 : 2.0539* 

113.2 

* Only five significant figures are retained here because of the rules for 
computation with approximate numbers. 
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Example 2. 

Find the cube root of 3.262. 

Solution. If x is the desired cube root, then 


log a: = I log 3.262. 


log 3.262 0.51348 (^3 

logo* 0.17116 
1.4831 


Example 3. 

Find the cube root of 0.3262. 

Solution. If x is the desired cube root, then 

log I = i log 0.3262 = I (9.51348 - 10). 
o o 

In order to make the negative part of the characteristic exactly 
divisible by 3, add 20 and subtract 20: 

log 0.3262 29.51348 - 30 (e-3 

log* 9.83783 — 10 
j- 0.68838 


EXERCISES IV. D 


Find the value of each of the following expressions by 
means of logarithms: 


I. 41.6 X 35.8. 

3. 41.6 -r 35.8. 

5. 529.6 X 29.64. 

7. 123.4 X 9.866. 

9. 5.a32 ^ 25.96. 

II. \ :^l8. 

13. \''o:9li6. 

16. 24284 X 3789.5. 

17. 1.3336 -e 2.1248. 

19. 0.41S3I e- 0.057864. 


2. 4.84 X 5.25. 

4. 4.84 -e 5.25. 

6. 127400 X 0.1283. 

8. (3.482)^ 

10. 7.283 X 283.4 X 5.437. 

12. v'TsiB. 

14. 

16. 0.82.371 X 0.001,985,7. 

18. 1.7321 -e 0.73205. 

20. 48.252 X 9.6384 X 0.96384. 
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21 . 

23. 

2 §. 

27. 

29. 

31. 

33. 

35. 

37. 

39. 


5321 )] X 567 S 4 X 12619 . 
\ 89 84 ^, 


\ n.*j246^. 

1 I.S 12 X 1 S.T 6 
405.1 

54.321 X 2 . 71 S 3 
3.1416 
( 64 S. 35 )l 

V 5^2683 X 0 .S 4216 . 
535.21 X 1.7864 ^ 
0.40752 X 863.76 


V25.321 


VL004S 

0.15630(-3.6251)2 


22 . 

24. 

26. 

28. 

30. 

32. 

34. 

36. 

38. 


472.48 X 45.990 X 0 .S 7723 . 


^ 0 . 092468 . 

32.64 

19.23 X 0.7191 * 
1776.4 

24.683 X 1.0054 
( 648 . 35)1 
(1.0025)“i''2^ 
97,304 X 71.486 


-- 36 . 714\=^' -91850 


Note. Although negative number.^ have no real logarithms, 
wo can treat this problem as if all the numbers involved were 
positive, and then prefix the proper sign to the result. Here we 
have, symbolically. 


( 4 -)(-)^ (+)(-) _ ~ 

(-)v'^ (-)(-; -r 

Thus, a negative sign should precede the final result. 

40 . (- 1 . 23 S 1 }- ^ (- 7 . 9564)1 41 . v^^^ 9990 . 

6 .S 213 X (- 3 . 4868 ) ; - 25 .S 6 S)-v ^'^='^^5 

12.863 - 32.759 


31. Logarithms of the trigonometric functions. 

Tables giving the values of the trigonometric functions 
of angles are called tables of ‘'‘natural fimetdons" to dis- 
tinguish them from tables which give the logarithms of 
these functions. We might in all cases find the natural 
function, and then the logarithm of that function from a 
table of logarithms of numbers. However, tve have tables 
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which omit one step in this process by giving the logaritliQi 
of the function directly, when the value of the angle i> 
known (e.g., Table III of the Macmillan Logarithmic and 
Trigonometric Tables). 

The process of finding the value of the logarithm of a 
trigonometric function is quite like that of finding tie 
value of the natural function, even when interpolation i? 
required. Similarly, the process of finding the angle, when 
the logarithm of the function is given, is in no respect dif- 
ferent from that of finding the angle when the natural func- 
tion is given. 

Example 7. 

Find iog cos 17° 25.8'. 

Solution. The interpolation can be carried out as in sec- 
tion 8, or it can be arranged as follows (cf. section 25) : 

log cos 17° 25' = 9.97962 - 10 
log cos 17° 26' = 9.97658 - 10 
difference = 4 

X 0.8 
3.2 

log cos 17° 25' = 9.97962 ~ 10 
negative correction = 3 

log cos 17° 25.8' = 9.97959 - 10 

Example 2. 

Given log tan .1 = 0.10860; find the acute angle A. 

Solution. 

' log tan 52° 6' = 0.10875 
J log tan A = 0.10860 1 
i log tan 52° 5' = 0.10849 J 

a; 11 11 

r = 26’ * = 26 ^ = 0-4'- 

.4 = 52° 5.4'. 
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EXERCISES IV. E 

Fhi»i !:;r Fy iisiiiu; of logarithms of the 

triiruiajmt^trie fumai^ »!:s; 


1. lug 2!^y 
3. logsia 7S^ 10^ 

5. lug 17'' 17\ 

7. lull ran 12“ 2o7 

9. lug fus 4^r 12’. 

11. iuaM!i7"4ir. 

13, lug Vi it 3U“ 2»j7 
15. !ftg Tan 35“ 15.3' 
17. log eos 5S" 37.8’, 
19. log sin 9“ 41. 4^ 
21. log sin 57' 17.7h 

23. log cot 10' 59.9'. 


2. logeus3l"- 
4. log tan 74' 2U'. 
6. iug cot SO' 22 \ 

8. k>g sin 31' 52'. 
10. log sin Or 3 r. 

12. log eo<53'2r. 
14. a)g -in 20' 457 
16. log sin 12' 13.27 
18. log eot 81' 25.17 
20. log tan 54' 22.27 
22. log eos 45' 2.37 

24. log ran SS' 59.S7 


Find the acute angle A. dven rh.at 


25. log sin A = 9.53SS8 -- 10. 

27. log tan .4 = 0.30575. 

29. log tan .1 = 0.1S762. 

31. log tan .4 = 9.2SS75 — 10. 

33. log cos .4 = 9,72S6S - 10. 

35. log co.s .4 = 9.S9530 - 10. 

37. log sin .4 == 9.S0070 ~ 10. 

39. log cot .4 = 9.1SS54 — 10. 

41. log tan .1 = 0-06735. 

43. log tan .4 = 1.55553. 

45. log sin .4 = 9.99950 — 10. 

47. log cos .4 = 0.I71S2. 


26. log eos .4 = 9.994S4 - 10. 

28. log cot .1 = 1.54493. 

30. log sin .4 = 9.7 1 70S — 10. 

32. log eos .4 = 9.53S71 — 10. 

34. log cos .1 = 9.SS150 -- 10. 

35. log sin .1 = S.90150- 10. 

38. log sin .4 = 9.994S3 — 10. 

40. log cot A = 0.1S750. 

42. log tan .4 = 0.10235. 

44. log cot .4 = S.999S3 - 10. 

46. log taiml = 1.00000. 

48. log sin A = O.Illll. 


Find, by using logarithms, the value of each of the follow 


ing expressions: 

49. 12.38 sin 13' 207 
51. 204.65 sin 2S' 18.27 
53. 0.18622 cos 14' 8.37 
55. 152.98 sin 74^22.9'. 
57. 1.2346 cos 45' 45.4'. 


50 . 485.6 cos 22' 28'. 

52 . 98.128 tan 33' 35.6'. 
54 . 57663 cot 40' 40.8'. 
56 . 3004.2 tan 66' 33.4'. 
68. 19.897 sin 38' 59.6'. 
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543.21 sill 72° 14.3' 
sin 22° 18.9' 


2381.4 tan 44° 18.3' 
4561.8 


Find the value of the acute angle A, given that 


61. sin -4 


54S.26 .sin 75° 43.3' 


62. sin A 


9753.6 sin 18° 36.6' 
8910.4 



CHAPTER V 


Logarithmic Solution 
of Right Triangles 


32 . Logarithmic solution of right triangles. 

The genera! instructions of section 7 apply to the loga- 
rithmic solmion of right triangles. It should be lifted that 
the theorem of Pythagoras is not adapted to the use of 
logarithms if it is written in the form c- = (r A h~. How- 
ever. if the hypotenuse, c\ is one of the known parts, we 
can write 

= c- — b- = (c -T b^[C — h), or 6- = \c a)(c — a), 

and to these forms logarithms can be applied. 

All outline, like that in the model solution shown on page 
()2, should first be made out. Begin with the known parts and 
conclude with the check. The outline should be complete 
before any numerical values are written in. 

The following general rules will be of use in determining 
the degree of accuracy to be expected ivhcn dealing icith 
approximate numbers . not only in connection with right 
triangles, but for all trigonometric work: 

Lengths expressed to tiro significant figures call for angles 
to he expressed to the nearest 3G\ and rice versa. 

Lengths expressed to three significant figures call for angles 
to be expressed to the nearest 5\ and rice versa. 

Lengths expressed to four significant figures call for angles 
to he expressed to the nearest minute, and rice versa. 

Lengths expressed to five significard figures call for angles 
to he expressed to the nearest tenth of a minute, and vice versa. 

Ti. dealing with lengths expressed 
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to three significant figures and angles expressed to % 
nearest 5', to use a four-place table of natural functions 
such as the table on pages 12-14, without interpolation 
or with very rough interpolation. For lengths expressed to 
four significant figures and angles to the nearest minute, 
four-place tables of the natoal functions or four-place 
logaritliniic tables may be used; in either case interpolation 
should be employed. Also, for this degree of accuracy 
five-place logarithmic tables may be used without interpo- 
lation. For lengths expressed to five significant figures and 
angles to^the nearest tenth of a minute, five-place logarith- 
mic tables should be used with interpolation. 


Example, 

Solve the right triangle in which a = 16.84, c = 20.36. 
Solution. 


<in A = 

c 


log sin A = log a — log c. 


= 90 ^ - A. 

^ = vTc -f a){c — a), 

log6 = A[log(c + a.)+log(c-a)]. 


Check. 
h = c cos A, 

log h = log c + log cos A. 


a 

16.84 

c 

20.36 

log a 

1.22634 

log c 

1.30878 

log sin A 

9.91756 

A 

65^ 48' 

B 

34° 12' 

C -f- (3 

37.20 


3.52 

log(c + a) 

1.57054 

Iog(e - a) 

0.54654 

log b- 

2.11708 

logb 

1.05854 

b 

11.44 

logo 

1.30878' 

log cos A 

9.74980 

log h 

1.05858 


checked, since the values of log b, obtained by 
different methods, agree except in the last place. 
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EXERCISES y. A 

Fii'.ii ’l;i- i'l'inaiiii;:" aaii aht tiu* an'a.' (if th(‘ iollow- 
i; ria:!;’ t’ ~ '.•i)'': i.>v idsiaritliui^; 


1. == <(6a.o. 

3. a = y.2042. r = li.275:>. 

5. f/ = 5012.C = SI17. 

7. B = 5S- a = 4S.04. 

9. B = 2:F ‘r, h = 7M.S. 

11. a = 2S41.L!, (■ = 0:J()4.7. 
13. b = 802.;?o, r = 103t).O. 
15. B = 26* 17.2', a = 335.SS, 

17. 5 = 52= 9.S'. c = 73.211. 


2. ,1 = .52= 41' a = 55.71. 

4. .1 = IU= 51' b = 7.123. 

6. .4 = 30= IS' (• = 0.02040. 
8. 5 = 0=31'. b = 0.3091. 

10. .1 = 43= 4i».2'. 5 = 22..56S. 
12. .1 = 4.5= 11.0', b = 01.4%. 
14. .1 = 14=21.1', c = 9.4726. 
16. a = 0.1S709, b = 0.2211.5. 

18. 5 = 34= 14.0', b = 1202.2. 


19. (a) Find riif' base of aii isoM’eie.s triai’gle who.'^e verte.x angle 
F 38= 27.2', and eacli of whosf* li'gs is 1 .53.42. (bj Fiiid the 
area of the triangle. 

20. Find the side of a regular pentagon iascribed in a circle whose 
radius is 10.354 inches. 

21. Find the radius of a circle in which a chord of 23.546 centi- 
meters subtends an angle of 141= 1S.4' at the center. 

22. Find the area of a regular 5-pointed star inscribei,! in a circle 
of radius 12.517 inches. 


Additional material for practice in the logarithmic solution 
of right triangles may l)e obtained from the exercises of 
Chapter II. 



CHAPTER VI 


Trisonometric Functions 
of Any Angle 


33. Generation of an angle. 



kitiiii s:d< 
Fig. 30 


The angle at 0 in Fig. 30 may be 
thought of as generated by the rota- 
tion of the line OP, from coincidence 
with OX to its present position. The 
line OX is called the initial side of 
the angle, OP is its terminal side. 


34, Positive and negative angles. 

It is evident that there is a choice of directions for rotat- 
ing the generating line from the position OX to the position 
OP . One of these is that of the motion of the hands of a 
clock, and is called clock- 

p 

wise, the other is called 
counterclockwise. If the 
rotation of the generating 
line is counterciockwise, the 
angle is positive (+) ; if the 
rotation is clockwise, the 
angle is negative ( — ) * A small curved arrow, starting from 
Uhe initial side and ending with its tip on the terminal side, 
IS often used to indicate the direction of motion. (See 
Fig. 31.; 

It is evident that an angle may be of any magnitude 



Fig. 31 


* 'I'’. 

a permit 
llOWeV 


X - 15 no intrinsic reason why a counterclockwise rotation should give 
e angle and a clockwise rotation a negative angle. This designation, 
, 15 tile cu5tt>rnary one. 
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collier positive or negative^ whatever, for the generating 
line may rotate any number of times in either direction. 

.Viiy given position of OP represents an unlimited number 
of positive and negative angles.* On the other hand, to 
each angle, whether positive, negative, or zero, there cor- 
responds one and only one position of OP. 

Angles are equal if they are generated by the same 
aiiiouiit t>f rotation in the same direction. 

35. Rectangular coordinates. 

Let us lake two straight lines, OX and OF, intersecting 
at right angles at the point 0. t See Fig. 32.) On each line 
we mark off a scale ,same scale on eachA positive numbers 
are to the right on the horizontal line OX, above on the 
vertical line OF: negative numbers are to the left on OX, 
below on OF. Line OX is called the x-axis, line OF the 
y-axis, point 0 the origin. 

Xow take am' point P. o 

The distance of the point ^ 

from the i/-axis is called |\ 

the abscissa of the point Nf - 

and is denoted by .r. its ! \ ^ 

distance from the ,r-axis is 7 L q 0 — 1 — ^ — 3 — 4 — 

called its ordinate and is 

denoted by y. The ab- ■- 

seissa and ordinate to- ' 

gether are called the coor- ' 

dinates lyiiore specifically, 

rectangular coordinates) 

of the point. The point P in Fig. 32 has the abscissa —3 
and the ordinate 4. For such a point it is customary to 
write P( — 3, 4), the abscissa being tvritten first. 

Locating and marking the position of a point whose 
coordinates are given is called plotting the point. 

* These angles may be called coterminal, since they have the same ter- 
minal side. 
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Besides the coordinates of the point, we find it convenient 
to consider its distance from the origin, w^hich may be 
termed its radius vector, or simply its radius, and whid, 
we shall denote by r. Unless otherwise stated, r wdll for the 
present always be regarded as positive. (But see section 72.j 
Obviously we have and for the point P in the 

figure, r = v 9 -f 16 = 5. Thus, for this particular point 
we hiixex = -3, = 4, r = 5 . 


36. Quadrants. 

It will be noted that the coordinate axes divide the plane 
into four parts, called quadrants, numbered as shown in 
Fig. 33. The order of numbering is in accordance with 
counterclockwise rotation. That is, a line starting from 
yj coincidence with the posi- 

tive end of the a:-axis, and 
rotating about the origin 
0 so as to generate a posi- 
tive angle, turns first 
through quadrant I, then 
through quadrant II, and 
so on. Angles betw’'een 0 ® 
and 90"^ are in quadrant I, 
angles- between 90° and 
180° are in quadrant II, 
those between 180° and 
. , ^ ^'^0° are in quadrant III, 

hose between 270= and 360= are in quadrant IV. Angles 
l^eu^n 360- and 450= are in the first quadrant, and so on. 
The sigi^ of X and y in each of the various quadrants are 

j own m Fig 33 (the sign of a: is wTitten first) and in the 

lollowmg table: 

Quadrant I jj 

•r (akscissa) 4 . 

y (ordinate) + 4 . 


Quadrant II 

Quadrant I 

(+.+) 

0 

X 

Quadrant III 

Quadrant IV 

(-=-) 

k. -) 


Fig. 33 


III 


IV 

+ 
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As already stated, the radius r will for the present be 
considered as always positive. 

37. Trigonomefric functions of any angle. 

The definitions of the trigonometric functions given in 
section 2 suffice for acute angles onty. In order to deal with 
the solution of oblique triangles and with other phases of 
trigonometry, it is necessary 
to generalize these defini- 
tions so that they will apply 
to any angle. 

To tliis end, let us con- 
sider the angle d (Fig. 34), 
which has been generated 
by a line rotating about the 
origin, starting from coincidence with OX. Take any point 
P on its terminal side. With this point are associated three 
values: the abscissa .r, the ordinate z/, and the radius r. 
We define 

, . ordinate y . radius r 

radius r ordmate 



cos 6 = 


abscissa 

radius 


X 

“*3 

r 


sec 6 “ 


radius 

abscissa 



tan 9 = 


ordmate _ y 
abscissa 


cot B — 


abscissa 

ordinate 


X 

y 


j 

p r 



\*^ 


s 

\ 



\ 

■-n120“ 

M x=-l 1 

0 X 


Fig. 

35 


These new definitions agree with 
those previously" given (section 2) if 
the angle 6 is in the first quadrant. 
As an illustration of their meanings 
for other angles, let us find the func- 
tions of 120°. 

On the terminal side of an angle of 
120°, whose initial side is the .r-axis, 


take the point P so that r = 2. (See Fig. 35.) Then, 


«no*lp MOP = 60°. and x — —1, from which we find, by 
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using the theorem of Pythagoras, that y = V3. 
tunctions may now loe read from the figure as follows: ^ 

y ^ ^ 

9 ’ 


sin 120= = ^ = 


cos 120= = -I = Zll = _1. 

2 9' 


tan 120' 


/• 

y 

X 


ese 120= = - 


y 


-1 

2 

9 


-V'6, 

2\/3 


see 120-' = - = -1- = _9 
•c -1 

cot 120= = •- = nl = _ v3 

y VZ 3 ‘ 


EXERCISE 

^how that the signs of the functions in the various quad- 
ra.,,.' arc as shown tr. the following table. ^ 



jS. Functions of 0% 90°, 180°, 270° 


sec 

cot j 

1 

+ 

+ 

- 

- 

~ 

+ 

4- 

- 


n 


tr«l. 

Fig. 36 


g 0 if there has been no rotation of 
he pnerating line. Take a point P on 
- teiminal side of the angle, which of 

‘coincides Mfith the initial side, with 

S i abscissa, say 1. (See Fig. 

•^h.) Thena; = i, = o. r = 1 
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. y 0 ^ 

:m 0 = - = - = 0, 
r 1 


tan 0" — - = 7 = 0, 
r 1 

esc 0” = - = iinii 
// 

see O'' = - = 1 = 1, 

.r 1 

cot 0" = i = -• undefined. 

y 0 

Note that esc 0^ and cot 0^ do not exist; since the 
ratios which would represent them have zero for de- 
nominator, and division by zero is impossible. However, 
as the angle 6 shrinks to zero, cot 6 * becomes numerically 
larger and larger without bound (e.g., cot 1' = 3437.7, 
cot 1'^ == 206265). It is customary to express this fact by 
writing 

cot ^ ^ as (9 — > 0, (1) 

where the symbol is read approaches ” and the s;\unbol 
X is called infinity. The fact may also be written in the 
form 

limeot^ = X, (2) 

ti-^O 

which is read *‘ the limit, as 6 approaches zero, of cot d is in- 
finity.'” Either (1) or (2) is mereh^ a shorthand notation for 
indicating that as the angle gets closer and closer to the value 
zero, the cotangent increases numerically without bound. 
It must be insisted that infinity ( x ) is not a number. 


We select cot 6 merely for purposes of illustration. A similar discussion 
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r^imilarly, from Fig. 37, in which each of the points Pj, 
P., Pz is at a numerical distance of 1 from the origin, 

can read off the functions 


PAx-O, y-l,r=l) 



R 

U=-l, y=Ct, 


X 


270' 


of 90^ 180°, 270°. The 
values of these functions, 
as well as the functions of 
0°, are tabulated below. 
The student should cheek 
them as an exercise. It is 
clear that the functions of 
360° are the same as the 
functions of 0°. In the 
table the symbol oo is used 
to indicate that as the an- 
gle approaches the speci- 
fied value, the corresponding function increases in numeri- 
cal value without bound. 


r=l) 


Fig. 37 


angle 

sin 

cos 

tan 

CSC 

sec 

cot 

0= 

0 

1 

0 

oo 

1 

00 

90= 

1 

0 

I 

oc 

1 

00 

0 

1S0= 

0 : 

1 

0 1 

3C 

-1 

CO 

270= 

-1 

1 

1 0 

r 

CO 

-1 

00 

0 


EXERCISES VI. A 
Find the six functions of 

1. 135°. 2. 150°. 3. 210°. 4. 240° 

6. 225°. 6. 300°. 7. 330°. 8. 315° 

Find the values of the following expressions: 

9. sin 150° + tan 225° + cos 330°. 

10. cos 150° - 3 tan 300° + 2 sin 90°. 

11. 3 tan 240° - sin= 135° + 2 cot 210°. 

12. 3 sin 135° + 2 cos 225° — tan .31.5° 



X3. • t’u? ’j .■'lii ,’\j j , 

14. H‘o> 22.5" . ;u;i 4.5''H-'-iu 135° + 

15. 241)° — cos .30i)°;(2 .•'iu 300° -f h cot 225°J. 

16. sisr 315° -f- CO.'- 270° -f tan- 225°. 

17. isin 315° + cu' 270° -f tan 22.5°)-. 

18. 2 cot 300" T 3 cos 1S0° -f sin 270° tan 150°. 

19. CSC 150° -f 2 see 330= - 5 sin 1S0°. 

20. 3 .'cc 135° - 2 CSC 225° 4- 4 sin 315°. 

21. sec 150° tan 300° -r tan 225° esc- 315°. 

22. (5 cos 270° -j- see 180° - j sin 360°) I 

23. Vi sec 240° -j- esc- 315° — cot 135°)-. 

24. \ 2 tan 135° ^ \ 3 sisi 240° -j- \ o esc 270°. 
cos 300° -f cos 360° 

sin 150° -f see 300° 

„ 3 tan 135° -f 2 cos 225° 

■ sin 240° -J- tan 300° 
cot 225° -i- sin 270° 

^ ' .sec 225° - tan 300° ’ 

39. Functions of — 8 . 

Let us consider the functions of —8, where 6 is any angle 
whatever. In Fig. 38 the an- 
gle 8 is, for definiteness, 
shown in the first quadrant, 
but in the following consid- 
erations 6 is not restricted to 
the first, or to any other 
quadrant. It is readily seen 
that hi the congruent right 
triangles OMP' and 0.1/P, 
x' - X, y' = —y (since MP' 
and MP extend in opposite 
directions), and r' = r (since 

the radius is to be regarded as positive). Consequently, 
sin(-e) = ^ = = -K = -sin 8, 



Fig. 33 
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com—d) = — cos 6, 

T T 


tan(-^) = ^ ^ = —^ = —tan 8, 

XXX ^ 

T T 

ci}c{-e) = — = — = — = —csce, 

y -V y 

7*' 7' 

sec( — = — = - = sec 8, 


eotl-0) = :! = -iL = 

y -y y 


— cot 8. 


EXERCISE 

Prove the formulas of section 39 by means of a figure in 
which e is an angle in (a) quad- 
.rant II, (b) quadrant III, (c) 
quadrant IV. 

40 . Functions of 1 80 ® — B. 

Let us now consider the 
functions of 180° — 8, where 
again 8 may be any angle 
whatever. Reference to Fig. 
39, in which OM'P' and OMP 
33 are congruent right trian- 

gles, shows that 

siii(,lSU^- - 9) = ^! = ^ = sin d, 



cos( 180 ° — t = 

T 


'X X 

— ■ ^ — = — COS 8 , 

r r ’ 


tan(lS0“ 

escflSO' 


9 ) = ^ = _£_ = _y ^ 

~X X 

o\ _ r' r 
9i--=-=esc9, 


-tan 6, 
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seeilS0“ — d\ = ^- = = — - = — sec0, 

cotdSO'" - ~ = -?: = --cot (9. 

u 1/ y 

EXERCISE 

Prove the formuia.'^ of section 40 itj" means of a figure in 
which d is an angh^ in (a) quadrant II, (b) quadrant III, 
{c) quadrant I\'. 

41. Functions of 180"^ + 6, 

By the same method of 
proof, it can be shown from 
Fig. 40, that 

sinilSO"^ 4- 0) = — sin^, 
cse(180" + 6) = — ese^, 
cos(180'' + ^) = —cos dy 
sec(180^ + ^) = —see B, 
tan(180" + i9) = tan d, 
cot (180^ + 6) = cot 6. 

This is left as an exercise for 
the student. 

42. Functions of 360*^ — d. 

From Fig. 38, it is evident that the functions of 360" — 6 
are the same as the functions of —6. Thus, 

sin(360^ — 8) = — sin^, csc(360" — 6) = — csc^, 

cos(360'^ — 0) = cos seci360" — 8) = see^, 

tan(360'^ — d) — —tan By 001(360"^ — d) — —cot 6. 

43. Functions of 360^ + 8. 

It should be quite clear that the functions of 360^ + 8 
are the same as the corresponding functions of 0, since these 
two angles are coterminal. (See footnote, page 6o.) 
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44. Functions of 90° — 9. 



sequent ly x' = y, y' = x, r' 


It was shown in section 3 
that, for any acute angle 4, 
sin(90° — A) = cos A, etc. 
That is, any function of an 
acute angle is equal to the 
cof unction of the comple- 
mentary angle. That formu- 
las (2) of section 3 are true 
for any angle may be shown 
by Fig. 41 as follows : 

Right triangles OM'P' and 
OMP are congruent, and con- 
= r. Therefore, 


sin (90' $)— — = - = cos 6, 

r r 

cos(90= - e) = ^ = ^ = sin e, 

tan(90° - e) = ^ = - = cot 8, 
x' y 

csc(90° - e) = ^ = I = sec 0, 

2 / X ’ 

sec(90° — &)= — = - = CSC 6, 
x' y 

cot 190= -6) = y = tan 8. 

y X 


EXERCISE 

Prove the formulas of section 44 by means of a figure in 
which e IS an angle in (a) quadrant II, (b) quadrant III, 
(c) quadrant IV. 
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45. Functions of 90^ + 6. 

It is seen that in Fig. 42. 
x' and y are numerically 
equal but have opposite 
signs: that is, x' = —y. Sim- 
ilarly, y' and x are numeri- 
cally equal and have the 
same sign: that is. i/ = x. 
AlsOj r = r. It follows 
that 



Fig. 42 


sm(90^ + 6) = ~ = COS 6, 

r r 

cos(90^ + d) ^ ~ ^ ^ -sin B, 

tan(90" + 0) = — , = ” = —cot 6*. 

•T -y y 

csc(90° 4- <9) = ~ = - = sec B. 

y ^ 

sec(90° + ^) = — = = — - = —CSC B. 

X -y ij 

cot(90° + B) = ’^ = — - = — ~ = —tan B, 
y X X 


EXERCISE 

Prove the formulas of section 45 by means of a figure in 
which B is an angle in (a) quadrant II, (b) quadrant III, 
(c) quadrant IV. 


46. Functions of 270° — B, 

In Fig. 43, x' = — = —x, r' = r, and it can readily 

be proved that 

o^r^/o7^® ^ fi) == — cos^, csc(270" — B) = — sec 
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cos''270'' — 6) = — sin^, sec(270° — = —csca 

1^21*270" — 6) == cot 6, cot(270° — (9) = tan§ 


Proofs are left as exercises for the student. 



iiG. 43 Fig. 44 

47. Functions of 270° + 

In Jig. 44, x' = {/, )/ = —z, r' = r, and it follows that 
siiv,270= - 9) = -cos 8, csc(270° + 0) = -secS, 

cos; 270- + flj = sin 0, sec(270° + e) = esc 8, 

lan{270^ + 6) = -cot 8, cot(270° + 0) = -tan^. 

Proofs are left as exercises. 

48. Summary. 

I he formulas of sections 39-47 may be summarized as 
m the acconipanj-ing table. The upper sign preceding a 
lunction corresponds to the upper sign in the angle at the 
leit of the same row, and similarly for the lower sign. 


angle 

sin 

cos 

tan 

CSC 

sec 

cot 

I 1 

i ~7U^ It2 & ! 
d= & : 

—sill & 

cos 6 

—tan 6 

— CSC 6 

sec 9 

— cot 0 

cos d 

-T-sin 0 

^cot 6 

sec 9 

^csc 9 

^tan 6 

^sin B 

—cos B 

d=tan^ 

^csc 9 

—sec 9 

±cot 6 

~ cos 6 ; 

dzsin 6 

^cot 6 

—sec 6 

±csc 9 

=Ftan^ 

±?in 6 ! 
1 

cos 6 

±tan 6 

rbese 9 

sec 9 

dbcot 6 
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Note that in any (‘oluinn we have the same funetioii as 
that at the head of the column, except for the rows having 
90 ' S and 270" dz 6 at the left : in these rows we find the 
rofunctions. 

The student should make no attempt to menioiize this 
table., but he should be able to work out any of the results 
listed in it by the methods of the preceding sections; that 
is, by drawing a figure for each separate problem as 
needed. 

For the important i^pecial case in ickieh 6 is an acute angle 
the following statements may prove helpful: If an angle is 
written in the form —dj 180" ± d, or 360“ dz d we may say 
that it is referred to the x-axis; if it is written in the form 
90" ± 6 or 270® =b 6, we may say that it is referred to the 
^-axis; in either ease we shall call 6 the reference angle. 
The function of any angle referred to the x-axis is n uniCricaFj 
equal to the same f unction of the reference angle: the funclion 
of any angle referred to the y-axis is numerically equal to the 
cofunciion of the reference angle. The sign to he prefixed to 
the resulting funcii on of 6 is that of the original function, as 
determined by the quadrant in which the original angle is 
situated. 

49. Reduction of functions of any angle to functions of an 
acute angle. 

We are now in a position to find the functions of any 
angle whatever. 

Example 1, 

Find sine, cosine, and tangent of 110°. 

Solution. Since 110° = 180° ~ 70°, we have 

sin 110° = sm(180° - 70°) = sin 70° 

cos 110° = cos(180° - 70°) = -cos 70° 

4-or. 110 ° = t^^TiriS0° - 70°) = -tan 70° 


= 0.9397, 

= -0.3420, 
= -2.7475. 
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« 110 " = 90 ° 4 " 20 °, 

.4i! 110° = >in(90° 4- 20°) = cos 20° = 0.9397, 

Jlic = cos{90° + 20°) = -sin 20° = -0.3420, 
tan 110° = ran (90° 4- 20°) = —cot 20° = —2.7475. 

Example 2. 

Fiiai 4vj\ cn.-ine, and tangent of 615°. 

^oLFTiox. 615° = 360° 4- 255°, the functions of 615^ 

ar.' rxaftly >a]ne as those of 255°. But 255° = 180° 4" 75°. 

sin 615° == sin 255° = sin(lS0° 4- 75°) = —sin 75° = —0.9659, 
eus 615° = cos 255° = cos(180° + 75°) = —cos 75° = —0.2588, 
tan 615° = tan 255° = taii(180° 4- 75°) = tan 75° = 3.7321. 

Or, we could express 255° as 270° — 15°. 


EXERCISES VL B 

1. Express each of the following as a function of a positive acute 


angle ; 

(a) sin 160°. 

[d) CSC 130°. 

(g'i sin 137°. 
il) cot 125° IS', 


(b) cos 145°, 

(e) sec 172°, 

(h) cos 95® 10', 
(k) sin 114° 21', 


(c) tan 100°, 

(f) cot 98°, 

(i) tan 162° 4', 
(1) cos 92° 12.8'. 


2. Reduce each ot the following to a function of a positive angle 
less than 45°: 


(a'* sin 175°, 
oi cot 125° 26', 
(gl sin 215° 55 
(j’‘ cot 312° 54', 


(b) cos(-167°), 
(e) .see 267° 28', 
(h) cos 281° 22', 
(k) sin 356° 56', 


3. Find the numerical value of 


sin 145°. 
i.tt 572° 3S 5 

(g: cot 121° 13.6', 
(jt ww(-T2=15'), 


(b) cos 246°, 

(c) cos 321°, 

(h) sin 462° 31.1', 
(k! tan (-200°), 


(c) tan 520°, 

(f) CSC 325° 41.8', 
(i) tan 197° 35', 
(1) cos 95° 6.5'. 


(c) tan 285°, 

(f) sin 642° 50.5', 
(i) sin(-162° 45'), 
(1) cot(-275° 18'). 
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Find the vnliie oi 

4. eo? 240'' eos 120" — ^^in 120” vu< 15U”. 

5. tan 315° ^ec 900° + cot 495° ch; 450°. 

6. sin(90° -f 6) i^m(lS0° -f B) -f eo>;90° -- d'- ensaSO' — 6). 

7. Given that d is the angle of a triangle, find 6 if 

(a) sin d = 0.3090, (b) co< 6 = 0.4975, {e? tan 6 = 2.S770, 

(d) cot 6 — 1.7090, (e) sin B — 0.6713,. \f} cos 6 ~ —0.7716. 

8. Express as functions of 6: 

(a) sin (810° — 6), (b) tan (990° — Ok :,er eut(^ — 360°), 

td) sec(e - 90°), (e) cos(-180° - d), {() esc(630° + d). 



CHAPTER VII 

Solution of Oblique Triangles 


50. The four cases. 

We shall now take up the solution of oblique triangles 
: y methods that do not require breaking them up into right 
triangles, as was done in section 11. Problems in the solu- 
ticn of oblique triangles may be classified into the following 
fcair eases, already mentioned in that section: 

Case I. Two angles and a side given, 

Ca^e 11. Two sides and the angle opposite one of them 
giren. 

Case III. Two sides and the included angle given. 

Case IV. Three sides given. 

Certain formulas are necessar}” for handling the various 
vases, and these will be developed as needed. 

51 . Law of sines. 

Fig. 4-3 - a t represents an acute triangle, Fig. 45(b) an ob- 



tuse triangle, B being the obtuse angle. In each figure we 
dra’.v the altitude CD and designate its length by h. Then, 
in Fig. 45(a), 
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h 

sin B = -1 or h = a sin B, (1) 

a 

and the same relation holds in Fig. 45(b), since 
sin (ISO" — B) = sin B, 

In either figure, 

sin A = or h = b sin A. (2) 

Equating the values of h in (1) and (2), we have 

a sin B = 5 sin .4, (3) 

and dividing both sides of (3) by sin A sin B, w^e get 

■ (4) 

sm .4 sin B 


Similarly, by drawing the altitude from .4, we can prove 
that 

dn B sin C 

Combining (4) and (5), we obtain the law of sines, 

( 8 ) 

sm ^ sm B sm C 

which ma 3 ' be stated in words as follows: The sides of a 
triangle are proportional to the sines of the opposite angles. 

EXERCISE 

Prove that if C = 90°, formula (6) reduces to the definitions 
of sin .4 and sin B. 

A formula for the area of a triangle is easily* derivable 
from formula (2) for the altitude. Since the area is equal 
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to half the product of the base and the altitude, we have 


area = ^ be sin A. 


( 7 ) 


The area is also of course equal to i ac sin B and i ah sin C. 
In words, the area of a triangle is equal to one-half the product 
of any two sides and the sine of the 
included angle. 

The following proof of the law of 
sines gives a geometric meaning to 
the equal ratios in (6) : 



Draw the perpendicular bisectors of 
the sides of the triangle ABC (Fig. 46). 
They will meet in a point 0, which is 
4 g the center of the circumscribed circle. 

Draw this circle, and connect its center 
with the vertices of the triangle. Let R be the radius of the 
circle, and, as usual, let A, B, C represent the angles of the tri- 
angle. 

Then, angle BOC -= 2A. (Why?) 

Hence, angle BOL = A. 

Consequently, 


sin A = sin BOL = 


BL 

R 


2 ^ 

¥ 


a 


Similarly, 




sin C 


2R 


and it follows that 


sinT sin .8 sin C ® 

where D is the diameter of the circumscribed circle. 

If one of the angles of the triangle is obtuse, the proof requires 
a slight modification. 
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52. Solufion of Case 1. 

This case, in which there are two angles and a sid-e given, 
can be solved by the law of sines. 

Example. 

Solve the triangle .4 = 40°, B = 60°, c = 50. 

Solution. C = 180° - (.4 + B) = 80°. 

From the law of sines. 


c sin 4 

__ 50 sin 40° 

50 X 0.642S 

Q — ■ 

sm C 

sin 80° 

0.984S 

, c sin 

_ 50 sin 60° 

50 X 0.S660 

6 = . ^ 
sm C 

sin 80° 

0.9848 


These results may be checked by using the relation 
a/sin .4 = 6/sin or by means of MoUweide’s equation, 

g + 6 _ cos 'l(A — B) 
c sin iC 


which is proved in section 61. (If B > Aj interchange -.4 
and Bj a and 6, respectively, in the formula.) 

They may also be checked by using one of the following 
relations, proofs of w^'Mch are left as exercises : 


a 


b cos C + c cos b a cos C + c cos Aj 

c ^ a cos B + b cos A, 


( 2 ) 


EXERCISES VIL A 


Solve the following triangles: 


1. .4 = 70°, 

2. A = 70°, 

3. 4. = 58° 10', 

4. B = 132° 10', 
6. B = 10° 50', 
6. 4 = 95° 40', 


B = 80°, 

B = 80°, 

C = 84° 40', 
C = 18° 20', 
C 75° 30', 
C = 45° 20', 


a = 12, 
c = 12. 

6 = 2.5. 
c = 10.2. 
h - 61. 
a = 8.2, 


84 


SOLUTION OF OBLIQUE TRIANGLES 


[Ch.Vii 


7. The bases of a trapezoid are 22 and 12 respectively. The 
angles at the extremities of one base are 65° and 40° respec- 
tively. Find tile two legs. 

8. Two observers, who are 2 miles apart on a horizontal plane, 
observe a balloon in the same vertical plane with themselves. 
The angles of elevation are 50° and 65° respectively. Find 
the height of the balloon, (a) if it is between the observers: 
(b) if it i.^ on .the same side of both of them. 

9. One diagonal of a parallelogram is 16.5. It makes angles d 
36° 10' and 14° 30' respectively -with the sides. Find the 
sides. 

10. A line AB, 125 feet long, is measured along the straight bank 
of a river. A point C is on the opposite bank. Angles ABC 
and BAG are found to be 65° 40' and 54° 30' respectively 
How wide is the river? 

11. From a certain point the angle of elevation of the top of a 
building is 3S°. From a point 75 feet nearer the building the 
angle of elevation is 65°. Find the height of the building, 

12. From a given position an observer notes that the angle of 
elevation of a rock is 47°. After walking 1000 feet towards 
the rock, up a slope of 32°, he finds the angle of elevation to 
be 75°. Find the vertical distance of the rock above each 
point of observation. 

13. A flagpole 25 feet tall stands on top of a building. From a 
point in the same horizontal plane with the base of the build- 
ing the angles of elevation of the top and the bottom of the 
flagpole are 61° 30' and 56° 20' respectively. How high is the 
building? 

14. Find the radius of the circle circumscribed about the triangle 
for which A = 50°, B = 20°, a = 35. 


53. Solution of Case 11. 

This case, in which we have two sides and the angle 
i^ppomte one of them given, presents difficulties that are not 
found in the other cases. This is because we sometimes 
hrid two solutions for the problem; that is, we find two tri- 
angles havdng the given parts. Sometimes we find only one 
triangle, and sometimes, indeed, we do not find any; that 
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i<, the problem i> impo^^^ibie. A carefully constructed figure 
nill usually show how many solutions there are, but the 
foilo'wing discussion explains how' this can be determined 
aceuraiely ; 

Let us suppose that the given parts are a, 6, A, 

Vie consider first the case in which A is acute. Construct 
this angle, and mark off 
the point C on one of its 
sides so that AC = b. Ex- 
tend the other side indefi- 
nitely. (See Fig. 47.) 

The perpendicular dis- 
tance from C to this ex- 
tended side is b sin A, and 
it is evident that various 
cases may occur, depending upon the length of a as compared 
with b and with & sin A. 

Let us take a pair of compasses, and with C as center and 
a as radius, test these various cases by constructing arcs. 

If a is less than 6 sin A, the arc will be like Mlij and 
there will be no triangle. 

If a = 6 sin A, the arc will be tangent to the base line 
(that is, the extended side) at the point B. and there will 
be but one triangle, the right triangle ABC. 

If a is greater than b sm A but less than 6, the arc will 
cut the base line in tw’o points, such as Bi and Bo. Conse- 
quently, we get tw’o triangles, ABiC and ABoC. LTider 
these conditions, Case II is said to be ambiguous, that is, 
there is not a unique solution. Since either of the triangles 
satisfies the requirements of the problem, we must solve 
both. 

If a = b, the arc passes through A, and w’e get but one 
solution, the isosceles triangle AB^C. 

If a is greater than b, there is but one triangle, such as 
AB4C. 

There are no other possible conditions when A is acute. 


C 
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If A is a right angle, as shown in Fig. 48, it is evident 
that we cannot have a triangle unless a is greater than b, 

under \vhich condi- 
tion w’^e have only one 
construction. 

If A is obtuse, as in 
Fig. 49, the arc hav- 
ing a as radius cannot 
cut the base line on the proper side of the point A unless 
a is greater than b. Thus, we have no triangle unless a is 
greater than 6, and then we have only one. 

Our conclusions may be summarized as follows: 



.4 < 90° 


a < b sin A 
a = 6 sin -.4 
6 sin *4 < a < 6 
a = b 
a > b 


no solution 

one solution (right triangle) 
tw’o solutions 

one solution (isosceles triangle) 
one solution 


.4 ^ 90° 

a ^ h no solution 
a > b one solution 


If the given parts are other than a, b, A, the foregoing 
summary must, of course, be modified accordingly. 

Case II is solved by the application of the law of sines. 

Example, 

Solve the triangle a = 20, h = 10, A = 7o^. 

SoLUTiox. It is apparent here that there is only one solution. 
From the law of sines, we have 


sin B 


h sin 4 
a 


10 sin 75° _ 10 X 0.9659 
20 “ 20 


0.4830, 


B = 28° 50', 

C = 180° - (A +B) ^ 180° - 103° 50' = 76° 10', 
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. — ^ ^ _ 20 sin 76"^ 10' _ 20 X 0.9710 _ 

^ .<iii .4 .sin 75^ 0.9659 “ *- • • 

The results may be checked by computing c from the relation 
c = 5 sin C/sin or by using ]Moihveide'.s equation (1) of the 
preceding section. 

Note that from the value sin B = 0.4830 we could also have 
B - 180*^ — 28® 50' = 151® 10'. However, if we should attempt 
to find C by adding A and B and subtracting their sum from ISO®, 
we should find .4 + B — 75® + 151®! 0' = 226® 10', which is 
impossible. This method will always .show whether there is a 
second solution. 

EXERCISES VII, B 




ring triangles 


1. 

A = 40®, 

a — 8, 

6 = 5. 

2. 

A = 30®, 

a = 5, 

6 = 8. 

3. 

B = 36® 10', 

a = 21.2, 

6 = 31.0. 

4. 

C = 108® 20', 

h = 12.2, 

c = 25.1. 

6. 

o 

o 

CO 

II 

a = 2.5, 

6 = 1.8. 

6. 

B = 30°, 

h = 99, 

a = 198. 

7. 

C = 15° 40', 

a ~ 3o, 

c = 9.5. 

8. H = 65® 30', 

a = 17.6, 

6 = 15.9. 


9. A side and a diagonal of a parallelogram are 12 inches and 
19 inches respectively. The angle between the diagonals, 
opposite the given side, is 124®. Find the length of the other 
diagonal. 

10. A lighthouse is 10 miles northeast of a dock. A ship leaves 
the dock at noon, and sails east at a speed of 12 miles an 
hour. At what time will it be 8 miles from the lighthouse? 

11. A vertical pole 35 feet high, standing on sloping ground, is 
braced by a wire which extends from the top of the pole to a 
point on the ground 25 feet from the foot of the pole. If the 
pole subtends an angle of 30® at the point where the wire 
reaches the ground, how long is the wire? 

12. A tower 125 feet high stands on the side of a hill. At a point 
240 feet from the foot of the tower, mea.sured straight down 
the hill, the tower subtends an angle of 25®. What angle does 
the side of the hill make with the horizontal? 
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54. Law of cosines. 

In Fig. 50(a) j angle A is acute: in Fig. o0(b), angle A is 
obtuse. In each figure let us draw the altitude CD, whose 
numerical value we set equal to h. Further, let AD = ni. 
Then, in Fig. oOta), 

a- = h- -r \C — 7ny = h~ + c- — 2 cm + rrf-, (1) 
while in Fig. oOfb), 


a- = h- -r (€ + 7nr = h- + c- + 2 c?7i + 772 -. (2) 

Since, in either figure, 
h^ + nC^ = b^ (1) and 
(2) reduce respectively 
to 

^ a2 = 6- + c- ~ 2m, (3) 
and 

a2 = 52 4 . ^2 + 2m. (4) 

But in Fig. 50(a), 



771 = h cos A, 

and in Fig. 50(b), 

771 = b cosflSO” — T) = —b cos A. 

substituting these values of m in (3) and (4) respectively, 
we obtain 

— 2bc cos A. (5) 

Similarly, - 2ca cos 5, (6) 

and _ 2ab cos C. (7) 

These three formulas constitute the law of cosines, w^hich 
i^ta^es that the square of any side of a triangle is equal to the 
SU771 of the squares of the other two sides viimis twice the 

product ot these two sides times the cosine of the angle be- 

tween ihe772. 
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Note. The law of cosines combines into one statement the 
follovring three theorems of plane geometry: 

1. The square of the hypotenuse of a right triangle is equal to 
the sum of the squares of the two sides. 

IL In any triangle, the square of the side opposite an acute 
angle is equal to the sum of the squares of the other two sides 
diminished by twice the product of either of those sides by the 
projection of the other upon it. 

III. In any obtuse triangle, the square of the side opposite 
the obtuse angle is equal to the sum of the squares of the other 
two sides increased by twice the product of one 
of those sides by the projection of the other upon it. 

Formulas (6) and (7) may be obtained 
from (5) by what is termed a cyclic change of 
letters. This may be effected in the following 
way: 

Arrange the letters around the circumference of a circle, 
as in Fig. 51. Then replace each letter in the given formula 
by the next in order. Thus, a new formula is obtained if 

a is replaced by by 
h is replaced by c, 
c is replaced by a, 

and similarly for the capital letters. 

In this manner (5) is changed into (6), which in turn 
may be changed into (7). 

Note that if C is a right angle, (7) becomes the P3nhag- 
orean relation, c- = a- -f 5“, since cos 90" = 0. 



EXERCiSE 

. Show that if C = 90°, (5) and (6) reduce to the definitions 
of cos A and cos B respectively. 

55. Solution of Case HI. 

The law of cosines is useful in sohdng Case III, in which 
we have two sides and the included angle given. 
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Example. 

Solve the triangle a = 25, 6 = 30, C = 50°. 

Solution, c- = a- + 5- — 2a5 cos C 

= (25)2 + (30)2 - 2 X 25 X 30 X cos 50° 

= 625 + 900 - 1500 X 0.6428 = 560.8, 
c = 23.7. 

Angles A and B may be found by the law of sines. 

The smaller of these angles should be found first, for if the 

larger is obtuse some confusion may arise. 

A check is afforded by Molhveide's equation (1) of section 52. 

EXERCISES VI!. C 

Solve the folio whig triangles: 

L G = 5, c = 6, 5 = 60°. 

2. a = 2, 5 = 3, C = 130°. 

3. 5 = 1.7, c = 2.2, A = 17° 20'. 

4 . a = 0.35, b = 0.24, C = 75° 40'. 

5. G = 230, 6 = 150, C = 95°. 

6. 5 = SO.l, c = 106, A = 165° 50'. 

7. Two ships leave a dock at the same time. One sails northeast 
at the rate of 8.5 miles an hour, the other sails north at the 
rate of 10 miles an hour. How far apart are they at the end 
of 2 hours? 

8. If the slower ship in the preceding exercise leaves at noon, 
and the other at 1 p.m., how far apart are they at 2 p.m.? 

9. The diagonals of a parallelogram are 7 inches and 9 inches 
respectively; they intersect at an angle of 52°. Find the sides 
of the parallelogram. 

10. A military observer notes two enemy batteries wdiich sub- 
tend, at his observation post, an angle of 40°. The interval 
between the flash and the report of a gun is 5 seconds for one 
battery, and 4 seconds for the other. If the velocity of sound 
is 1140 feet a second, how far apart are the batteries? 

XI. Points A and B are separated by an obstacle. In order to 
find the distance between them, a third point C is selected 
which is 120 yards from A and 150 j^ards from B. The angle 



ACB is measured to be 80" 10'. Find the distance from 4 
to B. 

12. Two circles, whose radii are 12 inches and 16 inches respec- 
tively, intersect. The angle between the tangents at either of 
the points of intersection is 29° 30'. Find the distance be- 
tween the centers of the circles. 

56 . SoluHon of Case IV. 

Case IV, three sides given, can also be solved by the law 
of cosines. 

Example. 

Solve the triangle a = 5, 5 = 6, c = 9. 

Solution. Solving the law of cosines a- = 5” -{- c- — 25c cos A 
for cos .4, we get 


cos A 


5” 4" — £E“ 

25c 


Similarly, 


cos 5 = 


+ g— 5^- 
2ca 


cos C = 


g- -f 5- - c- 
2ah 


36 4- 81 - 25 92 

2X6X9 108 


0.8519, 

.4 = 31° 35'. 


81 + 25 - 36 _ 70 _ . 

2 X 9 X 5 90 

B = 38° 57'; 


25 4 36 - 81 20 

2X5X6 60 


-0.3333, 


C = 180° - 70° 32' == 109° 28'. 


Check. A A- B + C = 180°. 

EXERCISES Vll. D 

Find the angles of the follotving triangles; 


1. a = 2, 

h = 3, 

c = 4. 

2. a = 0.013, 

6 = 0.014, 

c = 0.015. 

Cl 

11 

po 

.4 

6 = 7.2, 

c = 6.5. 

4 . a = 45, 

5 = 32, 

c = 71. 

6. 0 = 1.4, 

b = 4.8. 

c = 5.0. 

6. 0 = 24, 

6 = 7, 

c — 25. 

7 . a = 13.2, 

6 = 11.8, 

c = 20.1. 

8. a = 20.1, 

6 = 21.0, 

c = 15.5. 
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9. Three towns, .1, B, and C, are situated so that *45 = 300 
miles, AC = 194 miles, and BC = 160 miles, B being due 
north of C. Find the direction from 5 to el, 

10. A ladder 20 feet long is set with one end at a horizontal dis- 
tance of 7 feet from a sloping wall. The other end of the 
ladder reaches 15 feet up the face of the wall. What angle 
does the wall make with the horizontal? 

11. The sides of a parallelogram are 11.7 inches and 15.0 inches 
respectively; one diagonal is 13.1 inches. Find the angles. 
Also iind the other diagonal. 

12. If the .<ides of a triangle are 16, 20, and 27 respectively, what 
is the length of the bisector of the largest angle? 

13. Find the length of the median to the longest side in the pre- 
ceding e.xercise. 

14. Three circles of radii 3, 4, and 5 inches respectively are tangent 
to each other externally. Find the angles of the triangle 
formed by joining the centers. 

*57. Application of law of cosines to Case il. 

It may be noted that Case II can be handled by the law 

of cosines. 

Example. 

Solve the triangle a = 20, h = 10, A = 75°. 

SoLUTiox. Substitute the given values in the equation 
a- = 6- -he- — 2hc cos A . 

This gives 400 = 100 + ~ 2 X 10 X c X cos 75° 

= 100 + c- - 20c X 0.2588, 

which reduces to the quadratic equation 

c- ~ 5.176c ~ 300 == 0. 

c = 5-176 rb V(5.176)- -h 1200 _ 5.176 rh 35.026 __ ^ 

2 9 ~ 

There is also a negative root of the equation, but it is discarded. 

If there are two positive roots, it means that there are two solu- 
tions. 
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<• 58 : 

The method is particularly useful if it is not required to 
find the remaining two angles. However, if they are re- 
quired, they may be found either by the law of sines or by 
the law of cosines. 

EXERCISE 

Solve, by using the law of cosines, exercise VH. B, 10; also 
such other exercises of YH. B as the instructor may assign. 

58 . Logarithmic solution of Case L 

The solution of this case by logarithms foIlow^s the same 
steps as the solution in section 52. The only difference is 
that logarithms are employed in performing the computa- 
tions. 

Example, 


Solve the triangle A = 79"^ 59.3', B = 46° 36.4', 

a = 804.32. 

Solution. 

A 

79° 59.3' 

C = 180® - (A + B). 

B 

46° 36.4' 


A + B 

126° 35.7' 

, a sin B 

c 

53° 24.3' 

0 * j / 

sin A 

a 

804.32 

log 6 = log a -h log sin B 

log sin B 

9.86133 - 10 

+ colog sin .4. 

log a 

2.90543 

a sin C 

colog sin A 

0.00666 

C — . .3 

sin A 

log sin C 

9.90465 - 10 

log c = log a + log sin C 

log h 

2.77342 

-r colog sin .4. 

log c 

2.81674 


b 

593.60 



655.75 

Check. 

d b 

1397.82 

a 4- 6 _ cos 4C4 — B) _ 

A - B 

33° 22.9' 

c sin -hC 

- B) 

16° 41.45' 



26° 42.15' 

log X = log(a + h) - log c, 

log(a + b) 

3.14545 


log c 

2.81674 

log X = log cos — B) 

log J- 

0.32S71 

— log sin 4-C. iog cos 4(T — B) 

9.9S131 ~ 10 


log sin l-C 

9.65259 - 10 


logs: ; 

a32S72 
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It should be noted that, in checking, we do not need to 
find the quantities (« + b) 'c and cos — J5)/sin yj; jt 
is sufficient if the logarithms of these quantities agree, 
flight discrepancies in the last place are to be expected. 

EXERCISES Vll. E 

Fiiid the remaining parts, and also the areas, of the fol- 
lowing triangles : 


1. 

B = 65° 25.5h 

C = 81’ 24.6', 

b - 724.32. 

2. 

B = 3S° 37.4^, 

C = 75’ 32.8', 

c = 129.63. 

3. 

A - 4S° 29.2', 

C = 115° 33.8', 

a = 14.829. 

4. 

A = 6S°4L5', 

C = 110° 16.5', 

c = 9.4326. 

5. 

A = iril.3', 

C = 57° 37.4', 

c = 444.79. 

6. 

B = 20° 20,2', 

C = 12° 28.5', 

a = 673.75. 

7. 

A = 28° 14.7', 

C = 109° 32.5', 

b = 730.80. 

8. B = 102’ 38,3', 

C = 20° 3.2', 

b = 479.36. 

9. 

B = 30’ 36.8', 

C = 107° 15.5', 

b = 0.14379. 

10. 

A = 36’ 14.2', 

B = 14° 26.7', 

c = 16.583. 


11. One diagonal of a parallelogram is 21.871 inches. It makes 
angles of 43° 20.5' and 56° 14.2' respectively with the sides. 
Find the sides of the parallelogram. 

12. At a certain point in the same horizontal plane as the base of 
a radio tower, the angle of elevation of the top of the tower 
is 13° 25.4'. At a point which is 156.25 feet nearer the tower 
the angle of elevation is 18° 10.5'. Find the height of the 
tower. 

59. Logarithmic solution of Case II. 

Case II can also be solved logarithmically by using the 
law of sines. The solution may be checked by formula (1) 
of section 52 (page 83^ or by the law of tangents. (See 
section 60.) 

Example. 

Solve the triangle A = 38° 14. 9' q 
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Solution. 

a 

8.7161 


. h .-in A 

b 

9.7S69 


oin B = ; ^ 

a 

£ 

3S" 14.2-^ 


log An B 

log b 

0.99065 


= log h + log .4 

log sin .4 

9.79163 - 10 


+ coiog a. 

colog a 

9.05968 ~ 10 



log sin B 

9.S419B - 10 


C = ISO" - (.4 + B). 

B 

44" 1.5\ F' = 

135° 58,5' 


A 

' 38" 14.2^ 

38° 14.2' 


-4 4- B 

, S2'' 15.7' 

174° 12.7' 


£ 

■ 97" 44.3', C' = 

= 6=47.3' 

a sin C 

log sin C 

: 9.99602 - 10 


^ sin A 

log a 

' 0.94032 


logo 

coiog sin .4 

0.20S37 


== log a 4- log sin C 

log sin C' 

; 9.00369 - 10 


+ colog sin .4 . 

log r 

1.14471 



log c' 

0.1523S 



c 

13.954 



c' 

1.4203 


Check. 1st solution. 

6 + 0 

1S.503U 


4“ a _ cos4-(B — .4) _ 

B- A 



(• sin AC 

- -ll 

2" 53.65' 


log X = log(2> + a) — log 

A 

48° 52.15' 



log(6 + a) 

1.26724 



log_c 

1.14471 



log X 

0:i2253 


log X log cos A(B — *4) 

9.99944 - 10 


= log cos ^(5 ’-A) 

log sin i-C 

9.87692 - 10 


— log sin AC. 

log X 

i 0J2252 



EXERCISES VII. F 

Solve all possible triangles in the following set. and find 
their areas: 

1. a = 62.518, h = 72.932, B = 98° 23.5'. 

2. a = 429.15, c = 328.12, .4 = 130° 33.7'. 

3. 5 = 3912.7, c = 3526.0, C = 35° 25.8'. 

4. 6 = 12968, c = 1529.6, B = 38° 28.6'. 

6. a = 86.425, c = 73.463, C = 49° 18.9'. 

a u - oo-iAR r = 327.92. C = 116° 19.6'. 
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7. b = 0.32492, t* = 0.52392, B = 27^ 49.3'. 

8. a = 5660.1. c = 8442.0, .4 = 42° 6.2'. 

9. 5 = 45.S72. c = 56.321, B = 20° 14.5'. 

10. a = 57.147, h = 46.703, B = 19° 17.8'. 

11. a = 515.55, c — 524.31, 4. = 80° 52.2'. 

12. Two lighthouses are 3.276 miles apart, and a certain rock is 
4.S35 miles from one of them. The angle subtended by the 
two lighthou.ses at the rock is 15° 22'. How far is the rock 
from the other lighthouse? (Two solutions.) 

13. The diagonals of a parallelogram intersect at an angle of 
52° 10.2'. One diagonal is 3325 feet and one side is 2995 feet. 
Find the other diagonal. (Two solutions.) 

60 . Law of tangents. 

Case III was solved by the law" of cosines, but the method 

is not adapted to the use of logarithms. In the present sec- 



Fig. 52 

tion we shall develop a formula w’hich enables us to use 
logarithms in solving this case. 

In triangle ABC. suppose that a is greater than h 
(Fig. 52). 55rith C as center and b as radius, draw" a circle 
cutting BC in D, and BC extended in E. Then, 

BD = a - b, BE == a A 
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Ai B dvaiv a perpendicular to BE. Draw EA and extend 
meet this perpendicular in F. On DF as diameter con- 
si met a circle. This circle will pass through A: for FAD is 
a light angle, since it is supplementary to EAD. which 
is inscribed in a semicircle. The circle will also pass through 
ih since DBF is a right angle by construction. 

It follows that BE A — W, and that BFE — MA + B)y 
since BFE is the complement of W. Also, DFA and B 
are eciual, since they are inscribed angles intercepting the 
same arc, AD. By subtraction we find BED = -A A — B). 

Now in right triangles BDF and BEF we have respec- 
tively, 


cm = tan i(--i - B), cm ^ 

Dividing the first of the foregoing equations by the second, 
we obtain 

a b tan \iA — ^ 

a d- b tan -KA A B) ' ^ 

This formula is one form of the law of tangents. Other 
forms ma}’ be obtained by a cyclic change of letters. If h 
were greater than a, we could interchange a and 5, A and 
B. in (3). If a and b tvere equal the formula would still 
hold, but would be trivial, since both sides of the equation 
would be zero. 

* 61 . Mollweide’s equations. 

From Fig. 52 we can obtain two formulas which are very 
serviceable in checking solutions of triangles. 

Applying the law of sines to triangle ABD, we get 

a — 6 _ sin DAB 

sin BDA ^ ^ 

But DAB ^ i(A — B), since DAB and DFB are in- 
- 4nfarp<3ntin.<r the sauie arc. BD: and BDA 
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-•=: 1)0“ -r BDA is an exterior angle of the triangle 

ADE, Since sin(90'' + iC) = cos iC, (1) reduces to 

a - b - B) 

c cos iC ■ 

Applying the law of sines to triangle ABE, we get 

a + 6 _ sin BAE 
c - sin .VC ' 

Blit BAE = A -f -VC = V(A + B + C) + i(A - B) 
= 90^ ~r hA — B), ThuSj sin BAE — cos V(A — B), and 
\3j becomes 

a + b _ cos i(A — B) , . 

c “ sin iC ' 

Formulas (2) and (4) are sometimes called MoUweide’s 
equations.* Their advantage as cheeking formulas is that 
each contains ali six parts of a triangle, and hence an error 
will be detected by a lack of agreement between the two 
members of one of these equations. 

62. Logarithmic solution of Case III. 

VYe are now ready to solve Case III by means of loga- 
rithms. The two angles are found by the law of tangents; 
the third side is then found by the law of sines. A check 
may be made by the law of sines or by one of Alollweide’s 

equations. 

Example. 

Solve the triangle a = 55.13S, h = 33.094, C = 30"' 24.6v 
Solution. 


,i q. 5 = 180° - C. 
tan - B) = 2-^^ tan + B), 

The law of tangents can be obtained frorn Mollweid^’s equations by 
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log tan — B) = Iog(a — 5) + colog(a -f h) 

+ log tan + B)^ 

a I 55.13S 
h I 33.094 
C 30^24.6' 
a - 5 22.044 
a + h SS.232 
A+B 149^ 35.4' 
i(A + ^ 
log(a - h) 1.34329 
colog(a + h) 8.05437 — 10 
log tan 4(^4 + B) 0.56577 
log tan l\A — B) 9.96343 — 10 
1{A - B) 42^ 35.4' 

^(-4 "f" B) /4^ 4< ' 

" 5" 117' 23:F 

B 32' 12.3' 

h sin C 

^ 

log c = log h + log sin C -r eolog in B, 
log b j 1.51975 
log sin C I 9.70431 — 10 
colog sin 5 0.27331 
logo 1-49737 
c 31.432 

Check. 

a sin C 

C = p, 

sin A 

log c = log a + log sin C + colog sin ^4. 
log a 1.74145 
log sin C 9.70431 - 10 
colog sin 0.05162 
logc 1.49738 

EXERCISES Vll. G 

Solve the following triangles, and find their areas: 

1. a - 284,3, b = 286.5, C = 63° 38'. 

9 ^ = 49.366. h = 26.437, C = 47° 16.6'. 
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3. a = 36.508, 

4. 5 = 247.Si, 

5. a — 67.375, 

6. 5 = 2S4.12, 

7. a - 482.33, 

8. G = 0.06350, 

9. 5 = 17976, 

10. a - 4216.4, 


b 8.9156, 
c == 513.58, 
c = 36.858, 
c = 362.12, 
c — 395.71, 
c = 0.10391, 
c == 24824, 
b = 3125.2, 


C = 132^ 1S.3L 
.4 - 147° 8.8'. 
B = 12° 28.5'. 
.4 = 126° 32.2'. 
B = 137° 31.2'. 
B = 83° 29.4'. 
.4 = 43° 36.2'. 
C = 88 ° 10 . 1 '. 


11. Two points, .4 and B, are at opposite ends of a lake. To find 
the distance between them, a point C is selected so that it is 
possible to measure a straight line from A to C and also from 
B to C. The distances AC and BC are measured and found 
to be 3472 feet and 2956 feet respectively. The angle ACB 
is measured by means of a transit, and is found to be 46° 25'. 
What is the distance from .4 to B1 

12. Two sides of a triangular plot of ground are 256.8 feet and 
19S.2 feet respectively, the included angle being 65° 22'. 
Find (a) the length of fence required to enclose the plot, 
(b) the area of the plot. 


*63. Heron’s formula. 

In this section and the following w’e shall derive formulas 
for the logarithmic solution of Case IV. 

From formula (7) of section 51 we have 


(area)- = t^-c- sin- A, (1) 

and, since by exercise L C, 24,* 


sin- .4 = 1 — cos- A = (1 + cos 4)(1 — cos 4), 
we have 

(area)- = F6“c-(1 + cos 4)(1 — cos 4). (2) 

By the law of cosines. 


cos 4 


6- + c- - 
26c 


( 3 ) 


* This exercise covers only the case in which 4 is acute. The case in which 
.4 is obtu-^e is covered by (4) of section 6S 
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and consequently, 

26c -f 6“ 4- c- — (6 + c)^ — 

1 ^ cos ,4 = 

(6 + c 4- a)(6 + c — a) , . 
= Wc ’ W 

, 2hc — b- — c- + a- a- — (b — c)- 
i - cos 

(a + - c)(a - b + c) 

= Wc 

If we let 

+ 6 + c), (6) 

then it can easily be shown that 


b^c 


a = 2(s — a). a “f c — 6 = 2(5 — 6), 
<2 -r 6 — c = 2 i5 — c). 


(7) 


Making use of (6) and (7) in (4) and (5), w^e find that 


1 + cos -4 
1 — cos A 


2s(s — a) 

~ be ~ ■ ’ 

2(5 — 6) (5 — c) 

be 


( 8 ) 


Substituting these values in (2) and extracting the square 
root, we obtain Heron’s formula for the area of a triangle: 

area = \ s(s — 


in which a is defined by (6), 
that is, it is the semiperim- 
eter of the triangle. 

64. Half-angle formulas. 


a) is — b){s — c), (9) 


c 



In Fig. 53 the radius of 
the circle inscribed in tri- 
angle ABC is r. Then r is 


the altitude of each of the triangles AOB, B0C\ CO Ay which 
have as a common vertex the center, Oy of the circle. It 
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is readily seen that the area of the triangle ABC is given 
by the formula 

area = i-r(a + 6 + c) = rs, (1) 

where, as before s = -r b + c). 

But . by Heron\s formula, 

area = v'6"(s — ““ b){s — c), (2) 

Equating the two expressions for the area, we find that 

r = | / (^ - ~ - c) ^ 

Now let the equal tangents from A be denoted by x, 
those from B by y, and those from C by z. Adding all of 
these tangents, we get the perimeter of the triangle, or 

2x + 2ij + - a + b + c = 2s. (4) 

From this it follows that x + y + 2 = s, and 

X = s — ij — z == s — a. y — s — b, z = s -- c. 

Consequently, 

tan jA = — - — j tan , tan iC = — • — j (6) 

s — b s — c 

in which r is given by (3), and 

s = Kc + & + c). (6) 

Formulas (5) may be termed the half-angle formulas. 

65. Logarithmic solution of Case IV. 

The half-angle formulas enable us to use logarithms in 
solving Case IV. 

Example. 

Solve the triangle a = 51 . 286 , b = 65 . 353 , c = 20 . 001 . 
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Solution. 

+ 6 + c). 


r — 


'V 


is — a)is — b){s — <") 


log r = Jiiog(s — g) + iog(s — b) 
-f iog(s - c) + colog s]. 


5L2S6 

65.353 

20.001 


2s‘ 


136.640 

6S.320 


17.034 

2.967 

48.319 


Check, s 
iog(s — (7 
logfs — 5) 
iog(s — c) 


68.320 


1.23131 
0.47232 
1.6S412 
coiog s i 8.16545 


tan-k4 = etc., 

s — a 

log tan 4.1 = log r — Iog(s — a), etc. 


log r- 
log r 
log tan 4.4 
log Tan 
log tan 4C 


1 .55320 
0.77660 


9.54529 

0.30428 

9.0924S 


10 


10 


- 10 


4.4 

Ib 

4C 


19 

63 ^ 


20.4' 

36.4' 

3.2' 


.4 

B 

C 


38^40.8' 

; 127= 12.8' 
14 -' 6 . 4 ' 


Check. .4 + jB + C == 180= 


.4 4“ jB 4" C I ibO^ U.O 


It is an easy and valuable check to add the values of 
? — a, s — 6, and a — c, as soon as these have been found 
Since this gives 3s — a — 6 — c = 3s — 2s ■ ^ s, the sum 
should be equal to s. This simple check often prevents 
working the entire problem with an incorrect value for one 
of the expressions s -- a, s — b, s — c. 

For convenience in computing log tan 4.4, etc., log ?' may 
be wTitten at the bottom of a slip of paper, and placed in 
turn above log(s — a), log(s — 6). logfs — c). 


EXERCISES VII. H 

Solve the following triangles, and find their areas: 
L G = 125.36, b = 176.43, c = 101.23. 



104 


SOLUTION OF OBLIQUE TRIANGLES 


[Ch. VII 


2. 

a = 23.5S6, 

h = 25.743, 

c = 10.047. 

3. 

a = 10.057, 

h = 19.436, 

c = 15.067. 

4. 

a = 2249.S’, 

h = 2467.2, 

c = 3152.6. 

5. 

G = 50014, 

h = 70023, 

c = 90054. 

6. 

a = 121.62, 

h = 9.8210, 

c = 113.94. 

7. 

a = 42.391, 

h = 23.168, 

c = 51.833. 

8. 

a = 0.9S452, 

b = 0.67514, 

c - 0.81106. 

9. 

a = 1.S943, 

0 = 2.2465, * 

c = 3.5488. 

10. 

a = 0.11056. 

h = 0.05264, 

c = 0.17842. 

11. 

The sides of a 

triangular lot 

are 156.8 feet, 132.4 feet, and 


148.3 feet respectively. Find the radius of the largest upright 
cylindrical tank that can be constructed on the lot. 

12. In a triangle ABC. a = 25.864, h — 26.232, and the median 
from A is 20.866. Find the angles of the triangle, also side c. 

66. Summary of methods. 

The methods of solving oblique triangles are recapitu- 
lated below. 


Case I. Tw j angles and 
a side given. 


L'se law of sines. 

Check by IMollweide's equation. 


Case 11. Two sides and 
the angle opposite one 
of them given. 


Use law of sines. (Law of cosines may be 
used.) Xote number of solutions. 
Check by Mollweide's equation. 


Ca^e III. Two sides and 
the included angle 
given. 


If the sides are given to a small number 
of significant figures, (,r if only the third 
side is desired, law of cosines may be 
used. Find angles by law of sines. 

For logarithmic? solution, use law of tan- 
gents to find angles. Find third side by 
law of sines. 

Cheek by Mollweide's equation. 


Case R'. Three sides If the sides are given to a small number 
given. of significant figures, or if only one 

angle is desired, law of cosines may be 
used. 

For logarithmic solution, use half-angle 
fonntilas. 

Check by .4 4- B -r C = 1S0°. 



MISCELLANEOUS EXERCISES tOS 

Note that an alternative check to Mollweide^s equations 
is provided by the law of tangents. 

To find the area of a triangle we can always resort to the 
lundamental formula of half the product of the base and 
the altitude. Howeverj the formula 

area = ^bc sin A 

and the others obtained from it by a cyclic change of 
letters'* and Heron’s formula are sometimes useful. (See 
also exercise MI, I, 47.) 

MISCELLANEOUS EXERCISES VIL I 

Solve the following triangles, and find their areas: 


1. A = 55^ 23.2', 

B = 72° 20.9', 

a = 537.14. 

L- 

II 

00 

o 

GO 

a = 119.51, 

h = 72.486. 

Z. B = 19° 58.4'*, 

C = 94° 39.8', 

a =: 4.3612. 

4. .4 = 34° 39.6',, 

h = 61.519, 

c = 47.612. 

5. a = 0.74261, 

h = 0.10398, 

c = 0.67517. 

6. C = 11° 14.3', 

h = 14.433, 

c = 9.4670. 

7. C = 26° 36.6', 

a = 273.18, 

b = 479.63. 

8. a = 1960.4, 

h = 1093.3, 

c = 2601.3. 

9. B - 127° 9.3', 

a == 67517, 

c = 1039S. 

10. B - 32° 18.0', 

a = 480.01, 

'b = 312.39. 

11. .4 - 53° 7.8', 

C = 45° 40.0', 

b — Zi 4. So. 

12. B = 73° 44.4', 

C = 87° 20.1', 

c = 712.25. 

13. B = 104° 15.0', 

a = 7.3515, 

c = 4.9734. 

14. B = 75° 45.0', 

a — 735.15, 

b = 983.97. 

15. a = 31.628, 

h = 68-235, 

c = 52.063. 

16. a = 592.45, 

b = 285.77, 

c = 5S5.4S. 

17. A = 43° 36.2', 

B = 102° 40.8', 

c = 392.37. 

18. C = 43° 35.6', 

b = 74.591, 

c = 34.191. 

19. C = 51° 59.9', 

a - 228.15, 

b = 109.84. 

20. d ~ 0.4oo62. 

b - 0.32897, 

c = 0.43129. 


21. Two sides of a parallelogram are 694.50 feet and 418.32 feet 
respectively; one diagonal is 602.94 feet. Find the length of 
the other diagonal. 

22. The bases of a trapezoid are 397.62 and 254.15 respectively; 
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the angles that the sides make with the longer base are 
68" 39.2^ and 72^ 6.0'. Find the sides and the diagonals. 

23. The .'^ides of a triangular field are AB — 193.8 feet, BC 
= 139.8 feet, and CA = 218.3 feet. If the bearing of AB h 
X 20^ EA find the bearings of BC and CA, it being gi\en that 
C is west of AB, 

24. Let A, B, C represent three consecutive mileposts on a 
straiglit road. From each of these a distant spire is observed. 
At A it i.s northeast, at B it is east, and at C it is E 30^ S. 
Find the distance of the spire from S, and the shortest di.s- 
tancc* from the road to the spire, 

25. Along one bank of a river with parallel banks, a surveyor lays 
off a base line, AB, 600.0 feet long. From each end of the 
line an object C on the opposite bank is sighted. The angles 
which the lines of sight make with the base line are 62° 5.3' 
and 81° 34.7' respectively. Find the width of the river. 

26. Points A and B are on opposite sides of a body of water, and 
soundings are to be taken in the line AB at points one- 
quarter, one-half, and three-quarters of the distance from 
A to B. On the shore, a base line AC is laid off, and it i.s* 
found that angle BAC = 63° 19', angle ACB = 7S°43'. 
What angles must be turned from CA at C in order to line 
up the ])oat from which the soundings are made at the proper 
points on the line AB? 

27. In order to measure the distance between two inaccessible 

points, A and B, a base line, 
CD, 1168.2 feet in length was 
laid off. The folioving angles 
were then measured: A CD 
= 132° 29', ACB - 82° 20', 
ADC = 45° 59', BDC = 124° 
48'. Find the distance AB. 

' 28. It is required to find the hori- 

zontal distance and the v-erti- 
eal distance from a point A to an inaccessible point D, when it 
is not convenient to measure a base line in the same v^erticai 
plane with D. (See Fig. 54. j Draw AB, of length c, in any 

* This means that the line drawn from A to B makes an angle of 20® with 

north, measured to'vard east. 
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convenient direction, in a horizontal plane. Let C be the 
foot of the perpendicular from D to tiii< plane. Let A' and 
be the angles of elevation of D from A and B respectively. 
Show that 


AC = 


c sill B 
sin C 


BC = 


c sin A 


CD = 


c sin A tan B* 
sin C 


c sin B tan A ^ 
sin C 


where A, B,C are the angles of the triangle ABC. The height 
CD can be found from both formulas in order to check. 

29. In the preceding exercise let AB — 1255 feet, ABC — 46° 27^, 
BAG - 54° 40', T' = 38° 42L Find AC. CD, Bd 

30. Two boundary lines of a piece of property intersect at an 
angle of 85°. It is desired to cut off a triangular portion of 
the property w’hich wili be one acre (43560 square feet) in 
area by means of a straight fence. If the fence begins at a 
point on one boundary 250 feet from the corner of the prop- 
erty, and runs in a straight line to the other boundary, what 
angles does it make with the boundary lines, and how long 
is it? 

31. To measure across a pond from ,.4 to B, a point C is selected 
so that AC — 489 feet, BC = 674 feet, and angle ACB 
= 78° 45'. Find the distance AB, 

32. The diagonals of a parallelogram are 56.5 yards and 78.4 yards 
respectively. They intersect at an angle of 51° 35'. Find the 
area of the parallelogram. 

33. A chimney projects 6 feet above a roof. At a point 10 feet 
8 inches dowm the roof from the base of the chimney, the 
chimne\^ subtends an angle of 17° 40'. Find the angle at 
which the roof is inclined to the horizontal. 

34. The sides of a triangle are 14.832, 16.987, 18.645 respecti\ ely. 
Find the length of the perpendicular from the vertex of the 
largest angle to the side opposite. 

35. The sides of a triangular grass plot are 47.5, 64.5, and 85 feet 
respectively. Find the minimum radius of action of an auto- 
matic lawm sprinkler which will water all parts of the plot 
simultaneously. 
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36. Find the radius of the largest circular flower bed which car. 
be constructed on the plot of the preceding exercise. 

3T. The sum of the sides of a triangle is 100 inches. The angles 
are in the continued proportion 1 : 2 : 4. Find the sides. 

38. Find the number of square yards of canvas in a conical tent, 
if the angle between the axis of the cone and an element h 
30°, and the center pole is 14 feet high. 

39. The sides of a triangular field which contains 15 acres are in 
the continued proportion 3:5:7. Find the sides. (1 acre 
= 160 sq. rd.) 

40. Prove that the area of a quadrilateral is equal to half the 
product of its diagonals multiplied by the sine of their in- 
cluded angle. 

41. A point A is in the same horizontal plane as the base of a 
radio tower. From this point a horizontal line AB, of length 
df is drawn directly toward the tower. If the angle of eleva- 
tion of the top of the tower from the point A is denoted by i, 
and the angle of elevation from the point B is denoted by B, 
show that the height of the tower is 

d sin A sin B 
sin(B~ A) ‘ 

42. A flagpole of height k stands on top of a building. From a 
certain point of observation in the same horizontal plane as 
the base of the building, the angle of elevation of the top of 
the pole Is A, the angle of elevation of the bottom of the pole 
is jB. Show that the distance d to the building from the point 
of observation, and the height h of the building are 

sin (A — jB) ’ sin (A — B) 

43. In a triangle ABC. D is the intersection of the median from 
A and the bisector (A angle C. Prove that 

a X area ABC = (a + 25) X area BCD. 

44. On the sides of a triangle ABC are constructed isosceles tri- 
angles with their vertices on the circumference of the circum- 
scribed circle of the given triangle. Show that their areas are 
in the ratio 



VECTORS 


1D9 


*'67 

a- h- c- 

— a a — b s — c‘ 

ti/here s = -|-(a 4“ ^ 

45. Prove the formulas: 

sin -k4 = y ~ . eo. M = ,|/h 

46. Prove that the area of a triangle is given by the formula 

c- sin .4 sin B 
2 sin (.4 + B) 

47. Prove that the area of a triangle is given by the formiiia 
abcfAR, where R is the radius of the circumscribed circle. 

48. Find the angle between the diagonal of a cube and the diag- 
onal of a face of the cube, both diagonals drawn from the 
same vertex. 

49. From one corner of a cube lines are drawn in two of its faces, 
making angles of 30® and 40® respectively t\dth the common 
edge of these faces. Find the angle between the two lines. 

60. A rectangular solid Is 5 inches long, 4 inches wide, and 3 inches 
high. From one vertex a diagonal is drawn in each of the 
three faces having this vertex in common. Find the angles 
between these diagonals. 

*67. Vectors. 

If an object is at the point A in Fig. 55, and is displaced 
(i.e. moved) to the point B, the displacement may be repre- 
sented by the directed line segment AB, 

(The arrow indicates the direction.) It w'iU 
be noted that this line segment represents 
both the amount and the direction of the 
displacement. Now let BC represent another 
displacement. If an object originally at A is 
given both of these displacements it will ar- 
rive at the point C. The order in which these 
displacements occur is immaterial; that is, the object may 
be moved from A to B and then from B to C, or it may be 
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moved from A to D (the displacement AD is equal and 
parallel to BC) and then from D to C. The displacement 
AC is called the resultant of the displacements AB and 
AD. (Cf. section 9.) Obviously, the resultant is a diagonal 
of the parallelogram of which AB and AD are sides. The 
displacements AB and AD are called components of AC. 

lx can be proved experimentally that two forces acting 
ai the same point also combine into a resultant according 
to this so-called parallelogram law. Thus, if in Fig. 55, AB 
raid AD represent, in magnitude and direction, two forces 
acting on an object at A, then the diagonal AC will repre- 
sent, in magnitude and direction, the resultant of the two 
given forces. That is, the single force represented by AC 
will have the same effect on the object as the two forces 
represented by AB and AD. 

\'eIocities and man^" other dii'ected quantities (those 
which have direction as well as magnitude) also combine 
according to the parallelogram law. Such a quantity is 
called a vector quantity. The directed line segment repre- 
senting the vector quantity is called a vector. 

The resultant of any two vectors may of course be found 
graphically or geometrically by completing the parallelo- 
gram of which they form the adjacent sides, and drawing 
the diagonal. This is called the addition of the vectors. 
The}' may also be added ’’ by placing the initial point of 
one on the terminal point of the other, preser\dng the proper 
direction of each, and then drawing a third vector from the 
initial point of the first to the terminal point of the second. 
This can be seen by reference to Fig. 55. 

A knowledge of trigonometry is essential in dealing with 
vectors. Its application may be illustrated by the follow- 
ing examples. 

Example 1, 

Three forces of 20, 30, and 40 pounds, respectively, are in equi- 
librium. Find the angles that they make with each other. 
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SoLFTiON. Since the foree.< are in ecrailibriuin. any 
them miiat be equal in magnitude and opposite in dirta. ti.i; 
resultant of the other two. 

That is, we have a parallelo- 
gram in which the diagonal is, 
for example, 40, and in which 
the two sides are 20 and 30. 

(See Fig. 56.) Our problem is 
thus reduced to that of finding 
the angles of a triangle whose 
sides are 20, 30, and 40. This 
may be done by employing tlie law of cosines or the law 
gents. Since the numbers are simple, we shall use the 
Referring to the figure, we see that 




Fig. 56 


01 

I TO the 


ot taii- 
forniOi . 


i 


+ c- - 

a- __ 

(40)= 

-r 

(30} 

- - 

f20'^ 

_ __ A 

cos A — 


2hc 



2 

•40 • 

30 


— — U.OiOU, 


C“ 

-h a- - 


(30)= 

-f 

(20) 


(40; 


cos JO — 


2ca 



~2 

■30- 

20 




a- 

+ - 


(20)= 

+ 

(40) 


(30) 


Cr 


2a6 



2 

•20- 

■40 


— — U.UO t if j 

A 

= 

28° 57', 

B 

O 

O 

II 

29', 


c = 

46° 34'. 

Check. 


A 


+ c 


180° 

00' 




Therefore, 

angle between 40-lb. and 30-lb. forces = ISO" — .1 = 151° 3', 

angle between 30-ib. and 20-lb. forces = 1S0° — B = 75° 31'', 

angle between 20-lb. and 40-lb. forces == 1S0° — C = 133° 26 h 

Check. 360° 00*. 


It may be noted that since the forces are represented by the 
sides of the triangle ABCj the forces are proportional lo the sines 
of the opposite angles. 


Example 2 . 

An airplane having a speed of 120 miles an hour in calm air is 
pointed in a direction 30° east of north. A wind having a velocity 
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B of 15 miles an hour is blomns 

/ . from the northwest. Find ti r. 

C speed and direction of the air- 
plane relative to the groiini. 

Solution. Referring to 
Fig. 57, we see that the vector 
AB represents the velocity of 
the airplane due to its ovt 
power, and that the vector 
AD represents the velocity of 
the wind. We draw BC par- 
allel and equal to AD, and 
connect .4 and C. Then 4C 
represents the velocity of the 
airplane relative to the ground 
^ ° and is the vector required. 

It is readily seen, if we draw 
a north-south line through F, 
that angle B = 30' -f 45® = 75®. Thus, in the triangle ABC, we 
have £? = 15, c = 120, B — 75°. The numbers are simple, and we 
use the law of cosines, finding 

5- = a- + C“ — 2a€ cos B 

= (15)“ -f (120)“ - 2 • 15 • 120 • cos 75° 

= 13693.25, 
b - 117.0. 


Further, 


a sin B 


15 sin 75° 
117.0 


0.1238, 


4 (= BAC) = 7° 7', NAC == 30° + 7° 7' = 37° 7'. 

Thus, the airplane actually travels in a direction 37° 7' east 
of north at a speed of 117 miles per hour relative to the ground- 


EXERCISES Vli. J 

1. Two forces of 8 and 11 pounds respectively act at an angle 
of 75° with each other. Find the magnitude of their resultant, 
and the angle that it makes with the 8-pound force. 

2. Three forces of 7, 9, and 13 pounds respectively are in equi- 
librium. Find the angles that they make with each other. 
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3. A train Ls traveling at the rate of 30 miles an hour, and rain 
h falling with a velocity of 22 feet a second^ at an angle of 
3U" with the vertical and in the same direction as the motion 
of the traiiL Find the direction of the splashes made on the 
windows of the coaches by the raindrops. 

4. A motorboat which has a speed of 15 miles an hour in still 
water sets out to cross a stream which has a current of 5 miles 
an liour. The boat points upstream at an angle of 30® with 
the bank. Find its actual speed and the actual direction that 
it takes. 

5. If a force of 100 pounds is resolved into components of 
60 pounds and 50 pounds respectively, what angle do these 
components make with each other? 

6. An airplane has a speed of 150 miles an hour in still air. The 
pilot wishes to fly in a direction 65® east of north. A 15-niile 
wind is blowing from the southeast. In what direction must 
the airplane be pointed? 

7. The actual velocity of a motorboat is 25 miles an hour due 
north. The wind is blowing from the direction X 50® W at 
the rate of 15 miles an hour. What is the apparent velocity 
of the wind, and from what direction does it seem to strike 
the boat? 

8. Tw’o forces of 475 and 530 pounds respectively, making an 
angle of 36® 35' with each other, act at the same point. Find 
the magnitude of their resultant, and the angle that it makes 
with the smaller force. 

9. Three forces of 255, 320, and 195 pounds respectively are in 
equilibrium. ViTiat angles do they make with each other? 

19. An airplane has a speed of 120 miles an hour in still air. A 
20-niilc wind is blowing from the northwTst. A pilot wishes 
to fly 200 miles w^st and return to his original position. In 
w’hat direction must he point the airplane (a) on the outward 
trip? (b) on the return trip? 



CHAPTER Vlli 


Trisonometric Formulas 
and identities 


68. Fundamental relations among the functions. 

It is readily seen, from the generalized definitions of 
section 37, that the functions of any angle satisfy the same 


reciprocal relations as the 
namely, 

functions of an acute angle, 

CSC B = 

sm B 

sm ^ 

CSC 9 


seed = 

cos 9 

cos 6 = — 

sec 9 

(1) 

cot B = 

tan B 

tan 9 = — 

cot 9 


The following relations can also be readily proved: 


. - sin 9 

tan 9 = > 

cos 9 

cotfl=^. 
sm 9 

(2) 


The first can be proved by making use of the definitions of 
the functions. For, 


y 

sin ^ _ r 
cos B X 
r 


^ = tan %. 

X 


The second follows from the fact that cot e = 1/tan B, or it 
can be proved independently. 

Starting from the equation 

x= + ^2 = 

114 


( 3 ) 
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which may be obtained from Fig. 34 (page 67) by applying 
the theorem of Pythagoras, we can derive three more 
fundamental relations. 

Dividing (3) by r-, we get 


r~ 



1 , 


which, since x r = cos 6 and y r ~ sin can be written 


cos^ 6 -h sin^ 0=1. 


Dividing (3) by we get 


which becomes 



r- 

X- 


1 + tan* 0 = sec* 0. 
Finally, dividing (3) by y-j we get 



or cot* 0 + 1 = CSC* 0. 


(4) 


( 6 ) 


( 6 ) 


Relations (4), (5), (6) may be termed the Pythagorean 
relations. They ma}- be wTitten in different forms if 
desirable: for example, (4) may be transformed as follows: 


cos- ^ = 1 — sin^ 6. or cos 0 = zt Vl — sin- 0. 


69 . Finding the other functions of an angle when one 
function is given. 

The foregoing formulas may be used to find the values 
of the functions of an angle when the value of one function 
is given. How'ever, the method used in section 4 for func- 
tions of acute angles is preferable. 
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Example I. 

Given sin ^ find the other functions of 6. 

Solution. Since sin 6 = ?//r, we may take r = 5, from which 



it follows that y = Z. Draw a 
circle with its center at the origin 
and having a radius of 5 units 
(Fig. 58). Take a point on the 
y-axis at a distance of 3 units 
above the a:-axis, A line through 
this point parallel to the avaxis 
will cut the circle in two points, 
and consequently there will be 
two positions for the angle d: 
di in quadrant I, and 62 in quad- 
rant II, as shown in the figure. 


2:2 = 52 - 32 = 16, 3 ; = ±4. 


Thus, corresponding to the angle in quadrant I we have an 
abscissa 4, and corresponding to the angle in quadrant II we 
have an abscissa —4. We can now read all of the functions of 
both angles directly from the figure. 


Quadrant I 

sin 81 = h 
cos a. = I 
tan di = f j 

CSC $1 = I . 

sec = I? 
cot 81 = -J- 


Qxiadrant II 

sin 02 ~ f ’ 
cos 82 ~ — 'f-’ 
tan 82 — —f’ 

CSC ^2 = f » 

.sec 82 ~ — I’ 
cot 82 = — i- 



Example 2 . 

Given tan ^ = 2; find the 
other functions. 

Solution. Since tan 6 = yjx, 
we may take y = 2 and a: = 1, 
or y = —2 and a: = — 1 (Fig. 59). There are two a-iigles, one in 
quadrant I, the other in quadrant III. In either case, 

r- = 12 + 2-^ = 5, r = v^. 


Fig. 59 
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(We take only the positive square root as the value of accord- 
ing to the agreement of section 35.) From the figure v/e read 


Quadrant I 

Quadrant m 

,ip s, - Jl. , 

v"3 0 

— 2 

sin = ~-p = 

v5 

2 V5 ^ 
5 

0 - _1_ - , 

cos ^2 = = 

v5 

•\/5 ^ 

' Vc 5 

5 

tan di = 2. 

-2 

tan ^2 = — j = 

2, 

c<c 5. = ^ , 

CSC = ^2 = 

V5 

CSr'l. C7l — fy f 


sec 8i = v^, 

sec ^2 = = 

-Vs, 

cot 8i = y 

cot 8, = ^ = 

1 

2* 


EXERCISES Vm. A 

Find the other functions of 6, given that 

1. sin d = 6 in quadrant I. 

2. cos d = — -i’ d in quadrant IIL 

3. tan 6 = — 6 in quadrant IV. 

4. cot 0 0 in quadrant IIL 

6. cos 6 = — i' 6 in quadrant II. 

6. CSC 6 = — 6 in quadrant IV. 

7. sec 6 = v^, 6 in quadrant IV. 

8. sin <9 = f ’ ^ in quadrant 11. 

9. tan 6 = d in quadrant III. 

10. CSC 0 = U' 0 in quadrant IL 

Find the other functions of ^ if 

11. sin 8 — 4 * 12. cos 8 = f ■ 

13. tan 8 = 14. esc 8 = -J- 

15. cot 8 = 16. sec 0 = f • 

17. sec 8 = -2. 18. cos 8 = “i* 

19. tan 8 = 0.5. 20 . sin 8 = -0.8. 

21. CSC 5 = 3. 22. cos 8 == 0.2. 
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23. tan 6 = — VZ. 
25. cos $ — -I- 
27. cot ^ = 0.1. 

29. tan 8 = 


24. CSC 0 = — f* 
26. tan 0 = — 5. 
28. sin 6 = — f- 

30. cot ^ = 1. 


31. If sin 0 = and cos ?> = H’ possible values of 

(a) tan ^ + tan <pj (b) cos 6 + sin 

(c) 5 sin 0 — 2 sin (j>, (d) sec 0 tan 


(e) 


1 -f cot ^ 


(f) 


1 — cos 0 


sin 9 ' ' 1 4” tan 

(g) (2 + cos 0) (3 — 2 sin 4>), (h) (m -f n tan 0) (m + n cot 9). 

32. If tan 6 — -n-J- and cot <^ == — A’ possible values of 

(a) sin 0 + sin o, (b) cos 6 + tan 

(c) -Jf sin 0 -f i sin <^3 (d) sec 0(2 — 3 cos 9), 

(e) CSC 0 sec (f) sin 0 cos + cos 0 sin 


(g) 


see 9 


1 4- 'o- cos 0 


(b) 


tan 0 — tan 4 > 

1 4 - tan 0 tan <i> 


70. Identities. 


Formulas (1), (2), (4), (5), (6) of section 68 are identities, 
in the sense that the}^ are satisfied by all possible values 
of 0 for which their left-hand and right-hand members are 
defined. By means of them it is possible to prove other 
identities, and consequently to change an expression in- 
voKing trigonometric functions into a different but equiva- 
lent form w'hich is more suitable for the purpose at hand. 

Example T. 

Prove: tan 0 4- cot 6 = sec 0 esc 6, 

Solution. To reduce the expression on the left to that on the 
right we first make use of (2) of section 68: 


X ^ n . sin 0 , cos 0 

tan 0 T coi 0 = 7^— 4- 


sin- 0 4- cos- 0 


cos 0 sin 0 cos 0 sin 0 

But by (6) of section 68, the last numerator is equal to 1, and the 
above expression reduces to 


1 
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^70 


wliieli, becaiL<e of the rt-ciproeal relations, is equal to sec 6 esc d. 
T::us, we have reduced the left-hand sid(' to tlie right-hand side 
and have consequently proved the identity. 


Example 2, 


Prove : 


1 -r tan- d 

('SC d 


= see 6 tan 6. 


SoLFTiON. Applying the Pythagorean relation (5) of section 6S 
It) the numerator on the hdt, we rt‘iiuee the fraction to 


, 1 

sec d 

sec- d cos 0 ^ sin 0 

— sec 6 - 


CSC 0 


1 

sin 0 


cos 8 


This, by the first of equations. (2) of section 6S, reduces to 
see 8 tan and the identity is established. 


Ordinarily j in proving an identit^^ one must transform 
one side into the other. Xo general method of proof (‘an 
be given. However^ a thorough familiarity with the funda- 
mental identities is essential. These should be kept con- 
stantly in mind, and careful consideration should be given 
to the question of which one of them is appropriate to the 
situation. There should also be kept in mind the expres- 
sion toward which one is working. It is usually better to 
work with the more comphcated side of the identity, en- 
deavoring to reduce it to the form of the simpler side. 

Frequently, if all functions are expressed in terms of 
sines and cosines, a clue will be obtained as to the next step 
to take. 

If one side of the identity involves but one function, it 
may be best to express everything on the other side in 
terms of that function. 

It is usualh’ best to avoid radical expressions when 
possible. 
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1 . 

2 , 

3. 

4 . 

5 * 

6. 

7. 

8 . 

9 . 

10 . 

11 . 

12 . 

13. 

14. 


15. 


16. 


17. 

18, 


19. 

20 . 
21 . 

22 . 

23 . 


EXERCISES Vlli. B 


Prove tiie fuliowing identities: 

cos 6 tan 6 — sin 6. 

cot d cos d = CSC d — sin d, 

1 sin d _ cos 6 
cos 6 ^ 1 — sin d 

(tan 6 — sin d)- + (1 
cos'- 8 


cos d)- = (I — sec dy. 


1 


sin 


= 1 + sin 


cot d + tan 8 
sin ^ + tan ^ 


CSC- 6 + ^ 

CSC 6 sec 6 

= sin 8 tan 6. 


tan 


cot 6. 


cot 8 CSC 8 
1—2 cos- 8 
sin 8 cos 8 

(sin 8 + cos ^)- + (sin 8 — cos 0)- = 2. 
sin^ 8 — cos^ $ = sin- 6 — cos- 6, 
tan- 8 — sin'- 8 = tan- S sin- 8. 
sW^ 8 -f cos® 0=1—3 sin- 8 cos- 0. 

CSC 0 CSC 0 

-I CSC 0 + 1 
cot 0 — 1 


2 sec- 


see- 0 CSC- 0 

sin 0 -f cos _ see + esc 0 
sin 0 — cos 4> 



, sec ^ — CSC 0 
tan 0 4* cot <^)(eot 6 — tan = cot 0 cot — tan 0 tan 

tan 0 — sec <^)(cot 0 4 cos <^) = tan 0 cos ^ — cot 0 sec 
in- 0(1 4 cot- 0) = 1. 

■os 0(1 4 tan- 0) = sec 0. 
in 0(1 4 cot- 0) = CSC 0. 

. 4 ^=ec 0 cos 0 • 


■ 1 


. — see 0 cos 0 — i 
ee 0 — sin 0 tan 0 = cos 0, 
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24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 
36. 

36. 

37. 

38. 

39. 

40. 


1 — tan- 0 , 

= i sec- ti. 

1 — ' eui- 

tan 9 -r tan (90® — B) — sec 6 esc 6. 

tan 9 -f sin 9 __ sqq 9 ^ I 
tail B — sin sec ^ — 1 
sin B n > ^ 

, , ^ = CSC d ~ COT B, 

1 -r cos d 

sec* B — tan^ ^ = 1 + 2 tan* B, 

1 — tan- 9 

- — — — = COS- B — sin- 6 . 

1 -h tan- B 

tan B -* tan <p 


-tan 9 tan 


cot B — cot <? 

COS B __ 1 

cos 6 — sin 6 1 — tan B 

tan B _ _j_ , / I -f tan- B 
ciTi-/? ~^'i/ 1 — cos“ B 


sin-B "^'V ^ 
tan ^ -r tan <p 


uiii -r liiii <p 

^ , , = tan ^ tan 6. 

col ^ + cot 6 

(i — cos- d)(l -f cot- B) = 1. 

^ “f— ^ = sec B — tan 6. 

sec B + tan B 

sin B -f tan B . _ 

— ; — ; — = sin B. 

1 -f- sec 6 

cos B sin 6 _ cos B cot 6 — tan 0 

sec 6 cot 9 ^ CSC B 


i 


cot 6 

cot ^ — cos 0 
sin 6 


1 — sin 

cos B . sm U • n f A 
, ^ . — sin ^ -f- cos B, 

1 — tan ^ 1 — cot 

Express sin B in terms of tan B, 

SOLUTIO^^. 

sill B , . 

= tan e, 

cos ^ 

sin 6 




sin- 


= tan 6y 
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sin- d 
1 — sin- < 


tan- 


sin- 6 = tan- B — tan- 6 sin^ B, 
(1 -h tan- 9) sin- B — tan^ 9, 


tan- B 

sin- d — ~ — - 
1 + tan- B 


sin B — db-, 

V 1 -h tan- 6 

The exercise can also be solved as follows: Draw a right 
triangle having an acute angle B, Mark the opposite side 
tan B, the adjacent side 1. Then the hypotenuse will be 
Vl + tan- The value of sin B can now be read from the 
figure. (Cf. section 69.) The double sign should be used with 
the radical. 

41. Construct a table giving each of the functions in terms of the 
other functions. 


71. Directed line segments. 

In defining rectangular coordinates, we introduced the 
idea of a positive and a negative direction on a line. Thus, 
the positive direction on the x-axis is to the right, the 
positive direction on the t/-axis is upward. Any line, such 
as one of these axes, on which the positive direction has 
been specified, is a directed line. A 
A portion of a directed line, such as AS 

^ in Fig. 60 , is called a directed line 

segment. The point A may be called the initial point and 
the point B the terminal point of the line segment AB, 
Two line segments may be added by placing the initial 
point of the second on the terminal point of the first; the 
sum is the segment from the 
initial point of the first seg- ~a b c 

ment to the terminal point of 

the second. (It is immaterial which segment is considered 
the first and which the second.) The proper direction must, 
of course, be preserved for each segment. 
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ThuSj if A, B, C are points arranged in any order on a 
directed line, we may write 

AB + i?C = At\ 


which merely states that if we go from A to B and then 
from B to C, we reach the same position that we reach by 
going directly from A to C. 

Subtraction of two directed line segments is accom- 
plished by changing the direction of the segment to be 
subtracted, and then proceeding as in addition. 

Several segments can be added by carrying out succes- 
sively the process described for two segments. 


72 . Functions of the sum and 

To derive a formula for 
eos(^ + <56), place the angles 
d and <f> with reference to 
the coordinate axes as shown 
in Fig. 62. Take a point P 
on the terminal side of the 
angle ^ + 9 , and drop a 
perpendicular PQ to the ter- 
minal side of d. Draw PM 
and QN perpendicular to 
the a:-axis. 

Now, if we take into con- 
sideration the signs of the li: 

OM = ON + NM. 


the difference of two angles. 



( 1 ) 


But OM = OP cos{d + <j>)j OX = OQ cos 6, 
iVM = QP cos(90° + 0) = -QP sin 6. 


( 2 ) 


Substituting these values in (1), we get 

OP cos(d + ip) == OQ cos d — QP sin 6. 
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Division by OP gives 


cos(9 -T 4>) = 


^ cos 0 - ^ sin e. 


But 


OQ 

OP 


COS 4>j 


QL 

OP 


= sin <j>, 


and consequently, 

cos(0 + <^) = cos 6 cos 0 — sin d sin <f>, (3) 


Yi The foregoing proof will 

hold for all values of d and 
<p if we are careful to take 
^ into consideration the 



Fig. 63 

backw’ard along the terminal 
ment OP in Fig. 63. In this 
negative. 

If in (3) we replace ^ by - 


proper sign of each function 
and of each line segment in- 
volved. It will be necessary, 
however, to consider as neg- 
ative a segment measured 
side of an angle, such as seg- 
figure r would be considered 

■(j), we get 


cos(^ — ( 1 ^) = cos0cos( — — sin 0 sin(—^), 
or . cosid — <^) = cos 6 cos ^ + sin 6 sin ( 4 ) 

To develop a formula for sin(0 + <^), we use (3), replac- 
ing e by 90'' - 6, and by —<t>. We get 

cos(90^ - a - = cos[(90'^ - B) + (-^)] 

= cos(90° — 0) cos(—0) — sin(90° — 6) 

which becomes 

sini^ 4- <p) ~ sin 6 cos 0 + cos 6 sin (j>. (6) 

llii foregoing formula can also be derived by dropping 
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perpendiculars from the points P and Q in. Fig. 62 to the 
2 ^/-axis, and proceeding somewhat as in the proof of (3). 

If in (5) we replace o by — we get 

sint^ p) = sin d eos(— p) + cos 6 sin(— 
or sin(0 — p) = sin 6 cos — cos $ sin 4>* (6) 

Formulas (3) and (o) are sometimes called the addition 
formulas for the cosine and sine respectively. Similarly, 
(4) and (6) may be called their subtraction formulas- 

To find the tangent of ^ + P and of 0 — p, we proceed 
as follows : 

. /n , sinf0 + <i>) sin 0 cos 6 + cos ^ sin 6 

Qosid p ) cos 6 cos — sm ^ sm p 

If it is desired to express tan(^ + o) in terms of tan 6 and 
tan p, we divide numerator and denominator of the last 
fraction by cos 6 cos 6, obtaining 


tan(^ + p) 


which reduces to 


sin 6 cos p cos 6 sin p 
cos 6 cos p * cos B cos p 
cos 8 cos p _ sin 6 sin p 
cos 6 cos 6 cos d cos <1> 


tan(0 + o) 


tan 6 -f- tan ^ 
1 — tan 6 tan 6 


(7) 


In like manner, or by replacing p by —p in (7), we find 
that 


tSLSlid — 


tan $ — tan p 
1 + tan d tan p 


vS; 


For the cotangent we obtain the following formulas: 


cot(^ 


cot d cot 6—1 
cot p cot 6 


(9) 


cot (5 — <j>) 


cot 6 cot 6 + 1 _ 
cot 4> — cot 6 


( 10 ) 
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Proofs of (9) and (10) are left as exercises. 

EXERCISES VIIL C 

L Find sin 75'’ by setting B = 45°, (f> = 30° in (5) of section 72. 

Solution, sin 75° = sin(45° + 30°) 

= sin 45° cos 30° + cos 45° sin 30° 

_2^V3,V21_,. 

2 2 2 2 4(^/0 + V^)- 

2. Find cos 75°, tan 75°, cot 75°. 

3. Find sin 15°, cos 15°, tan 15°, cot 15°. 

4 Veiify the values of sin 90°, cos 90°, cot 90° by setting 
6 = 60°, (p = 30° in (5), (3), (7), respectively, of section 72. 

5. Verify the values of sin 30°, cos 30°, tan 30°, cot 30° by 
setting 6 = 60°, (p = 30° in (6), (4), (8), (10), respectively, 
of section 72. 

6. Find sin 105°, cos 105°, tan 105°, cot 105°. 

7. Prove the formulas for sin(90° + 6), cos(90° + 0), 

tan(90° + d)j cot (90° + 6) by means of the addition for- 
mulas. 

8. Prove the formulas for sin(180° — 6), cos(180° — ^), 
tan(l80° — d)j cot(180° — 6) by means of the subtraction 
formulas. 


Simplify the following expressions; 

9. sin(5 4* 30°) + cos(i9 + 60°). 

10. sin(0 -f 60°) - cos(^ + 30°). 

11. tan(0 4* 45°) 4- cotid ~ 45°). 

12. cos(30° - d) - cos(30° 4- 8). 

Prove the following identities: 

13 . sin(0 + <^) sm{6 — <p) == sin’ 6 — sin^ <l>, 

14u cos(0 4~ (f) cos{d — <^) = cos- 8 ~ sin- (ft. 

16 . tan(45'“ + $) = ^ . 

1 - tan S 

16. sm(45° + B) cos(45° + 0) = ^(cos- 8 — sin- 8). 

17 . sin(S + 30°) cos(B -f 60°) = ■|■(cos- e - 3 sin^ 8). 
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< 73 ] 

18. Given ?iri 6 = sin <r> = fs" ^ ^ aeute. Find 

(a) sin(^ + ep), (b) cos(^ + 6)^ (e) tan (0 + <>), 

(d) eot(^ + 9). (e) sm(5 — 9), (f) cos(d — 9 }, 

(g) tan(^? - 9), (b) cot(^ - 9 ), (i) sin (9 - 9), 

(j) cos (9 - 6), (k) taii(9 ~ 9), (1) eot(9 ^ 9). 

19. Given sin 9 — tan 9 = 6 in quadrant IL 9 in quad- 

rant III. Find 

(a) sin(0 + 9 ), (b) cos(5 + 9 ), (» tan(^ 4- 9 ), 

(d) eot(^ + 9 )* (^) J?in(^ — 9 ), (n cos(^? — 9 ), 

(g) tan (0 - 9), (h) cot (0 - 9 ). 

20 . Given cos 6 — — sin 9 = ^ in quadrant IL Find all 

possible values of the following: 

(a) sin(0 + 9 )? (h) cos(^ + 9 )? W tan(0 -f- 9)? 

(d) cot(^ “f 9 )j (e) sin (0 — 9 ), (f) eos(^ — 9 ), 

(g) tan(^ - 9 ), (h) cot(<9 - 9 ). 

21. Given tan ^ = - 5^5 cot 9 == Find all possible values of 

(a) sin (0 + 9 ), (b) cos(^ + 9 ), (c) ian(^ -f 9 ), 

(d) cot(^ + 9 ), (e) sm(^ ~ 9 ), (f) cos(^ - 9 ), 

(g) tan(^ — 9 ). (h) cot(^ — 9 ). 

Prove: 

22. sin(^ + 9 + ^) = sin ^ cos 9 cos 9 + cos 5 sin 9 cos 9 

-|- cos 8 cos 9 sin 9 sin ^ sin 9 sin 9 . 

23. cos(^ + 9 + 9 ) = cos 0 cos 9 cos 9 cos ^ sin 9 sin 9 

— sin 6 cos 9 sill 9 siii ^ sin 9 cos 9 - 

24. tan(5 + 9 + 9) 

— tan ^ + tan 9 + tan 9 — tan g tan 9 tan 9 
~~ 1 — tan 9 tan 9 — tan 9 tan ^ — tan 6 tan 9 

25. cot(d + 9 + 9) 

cot ^ cot 9 cot 9 cot ^ ~ cot 9 ~ cot 9 
cot 9 cot 9 + cot 9 cot ^ + cot ^ cot 9—1 

73. Functions of twice on ongle. 

If, in formulas (5), (3), (7), (9) of section 72, we substi- 
tute 6 for 9 , we obtain the following results : 

sin(^ -j“ ^) = sin 6 cos 6 + cos 6 sin 


128 TRIGONOMETRIC FORMULAS AND IDENTITIES [Ch.Vlll 


or 


or 


or 


or 


sin 25 = 2 sin 5 cos 6; 

cosf 5 4 - 5 j = cos 5 cos 5 - sin 5 sin 5, 


cos 25 = cos^ 5 — sin^ 5; 


tan ‘5 


tan 5 + tan 6 
1 — tan 6 tan 5 


( 2 ) 


tan 25 = 


2 tan 6 
1 - tan^ 5 ’ 


cot (5 + 5) 


cot 5 cot 5 — 1 
cot 5 + cot 5 


cot 25 


cot^ 5 — 1 ^ 
2 cot 5 


(3) 


(4) 


Two other useful formulas for cos 25 may be derived as 
follows: Remembering that 

sin- 5 = 1 — cos- 5, cos- 5 = 1— sin- 5, 
and substituting these separately in ( 2 ), we get 

cos 25 = 2 cos- 5 — 1, (5) 

and 

cos 25 = 1 — 2 sin- 5. ( 6 ) 


74, Functions of half an angle. 

From the relation connecting sine and cosine, and the 
formula for the cosine of twice an angle, w^e have 

cos- <p + sin- 0 = 1 , ( 1 ) 

cos- 4> — sin- <f> = cos 24 >. ( 2 ) 


Adding these tw’o equations, w^e get 

2 cos- 9 = 1 -a cos 20 . 
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From this we get 


eos“ <p = 


1 cos 2c 


. , . 1 cos 2(j) 
or cos o = — .|/ — ^ 

If p is replaced by this becomes 

cosi« = (3) 

By subtracting (2) from (1) and proceeding as before, we 
obtain the formula 




which is equivalent to 


sin j6 


/ 1 — Cos 2p 


/I — cos 6 


The sign to be used in the foregoing formulas depends 
upon the quadrant in which M lies. 

Dividing (4) by (3), we get 


tan W = 


/ I — cos $ 
1 -r co.s 6 


Alultiphing numerator and denominator of the right' 
hand side of this la.st eouation bv a 1 — cos c, we get 


tan W 


1 — cos d 

: \ 1 — COS' 0 


tan kd — 


1 — cos B 


Here the ambiguous sign (±) is not needed. For the 
numerator of the fraction in (6) is always positive (or zero). 
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anti it therefore only necessary to prove that tan id ha^ 
the same sign as sin 6. To do this we note that 

tan W = sin ^ = 2 sin cos W. 

cos id' 

Multiphiiig these equations together we see that the 
product of tan l-B and sin d is equal to 2 sin- id, which is al- 


way> positive ior zero). This means that tan 40 and sin 6 
always have the same sign, and there is no ambiguity. 

If we multiply both numerator and denominator of the 
fraction in (5) by \ 1 + cos d, and reduce, we get 

1 + COS B 

(7) 

where again there is no ambiguity. 
Similarly, we obtain the formulas 


COt4«-±CI±'“« 

r 1 — cos d 

(8) 

la sin 9 

cot 10 = , 

1 “ COS B 

(9) 

cotiO- l + 

sm B 

(10) 


EXERCISES Vlil. D 

1* Verify the formulas for sin 26, cos 2d, tan 26, cot 26 bv set- 
ting d = 30®. 

2* \ erify the formulas for sin 26, cos 2d, cot 26 by setting 
6 = 45®. 

3. Find sin 120®, cos 120°, tan 120°, cot 120° by using the func- 
tions of 60°. 

4 . ’Verify the formulas for sin i^e, cos *9, tan U, cot U by set- 
ting e = 60°. 

6. Find sin 15°, cos 15°, tan 15°, cot 15° by setting 6 = 30° in 
the formulas for the functions of ^6. 
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f75| 


6. 

Given cos 6 = 

2A, 

*2 

6 an acute angle. Find 





(a) sin 26, 

(i>) 

cos 26, 

(c) 

tan 

2$. 

id) 

cut 

26, 


(e) sin iB, 

(f) 

cos 46, 

(g) 

tan 


(h) 

cot 

46. 

7. 

Given sin 6 — 

4 O . 

¥T 

Find 








(a) sin 26, 

(b) 

cos 26, 

(c) 

tan 

26, 

(d) 

cot 

26, 


(e) sin 46, 

(f) 

cos I B. 

(g) 

tan 

-¥, 

(h) 

cot 

4^. 

8. 

Given tan 6 = 

-2 

1 Find 








(a) sin 26, 

(b) 

cos 26, 

(c) 

tan 

28, 

(d) 

cot 

26, 


(e) sin 46, 

(f) 

cos 4^, 

(g) 

tan 


(b) 

cot 

iB. 


Prove the following identities: 


9. tan(45® + M) = 


1 d- cos ^ 4- gin 9 
1 4“ cos 6 — sin B 


10 . 


sin 6 = 


2 tan 

1 + tan- jrB 


11. tan -}jd 4- cot -hS = 2 esc 6. 

12. A picture of height 5 feet hangs on the wall, with its lower 
edge 4 feet from the floor. At a certain point on the floor, 
directly in front of the picture, the angle subtended by the 
picture (that is, by its vertical dimension of 5 feet) is equal 
to the angle of elevation of the lower edge of the picture. 
How far is this point from the wall? 


Prove : 

13. sin l-B 4- cos h-O = dr V l -r •'^in B. 

14. sin 46 — cos id ~ drVl — sin 6. 


75. Sums and differences of functions. 

3y the addition and subtraction formulas for the sine 
and cosine, we have 


sin (a: 4-2/) = sin ar cos z/ -f cos x sin z/, (1) 

sin(x — y) — sin x cos y — cos x sin y, (2) 

cos (a; + y) == cos x cos y - sin x sin y, (3) 

eos(a; — y) = cos x cos y + sin x sin ?/. (4) 
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Addition of (1) and (2) gives 

sin;,r -f -f sin(3: — y) = 2 sin a: cos y, (5) 


If 

we let 






X -f- 

l( 

1 

11 

(6) 

an 

d solve 

for X and ? 

/ v:e find that 




X ~ 

' + Si). >J = W - 4>). 

0) 

Thus, io) 

becomes 




sin 

B -f sin (i> 

= 2 sin i(ff + ^) cos — 0). 

(8) 


Subtracting (2) from (1) gives 



sin'> + y) ■ 

“ sin(a: — y) ^ 2 cos .r sin y, 


which, by 

the substitutions (6) and (7), becomes 



sin 

6 — sin <f> 

= 2 cos \(B + <j>) sin \{d — ^). 

(9) 

From 

}) and (4) ^ 

we obtain, in a similar manner, 



cos B 

— cos 4> = 

2 cos iiB + <^) cos i(B — 0), 

(10) 


cos B 

— cos d = 

— 2 sm *1(19 + <p) sin i(d — ^). 

(11) 




EXERCISES Vlll. E 



Represent as a product: 


1. 

sin 40"^ 

+ sin 20=. 

2. cos 80° - cos 20°. 


3. 

cos 60' 

^ cos 40=. 

4. sin 30° -- sin 80°. 


5. 

cos 3S^ 

+ cos 42°. 

6. sin 35° + sin 25°, 


7. 

sin 40° 

+ sin 25°. 

8. cos 17° - cos 36°. 


9. 

sin 32° 

-r cos 22°. 




Suggestion, co: 

? 22° = sin (9 3° ~ 22°). 


10. 

cos 10° 

T- .sin 1 7°. 

11. sin 44° T cos 40°. 


12. 

sin 4^ - 

“ >in 2^. 

13. sin 30 -r sin 0. 


14. 

cos 5^ ■ 

-b cos Qd. 

15. sin 4-0 T sin0. 


16. 

cos 7 B ■ 

— cos Zd. 

17. cos 40 -r cos 30 




MISCELLANEOUS EXERCISES 


t33 


18. 

19. 

20 . 
21 . 

22 . 

23. 

24. 

25. 


Prove : 

sin 5 4“ cos 5 = 

\ 2 

1 

o 

Si'GGESTIOX. 

cos 

5 == sin-H 

Ava 8 4- >in P _ 

cot 

Po — 5 

('OS 5 — cos p 
sin 6 — sin p 

tan 

- ,i>] 


An 0 -r 6 


Tan 


cus 3^ — ('OS dd 


sin D0 _ I ^ 


\ 3 
3 

cos 20^ 4- cos 100^ r cos 140® = 0. 

sin B -f, sin 3^ 4- sin od -f* sin 7^ = 4 cos 8 cos 2.^ sin 4^. 

cos 6 + cos 3^-4- cos od -f cos 7^ = 4 cos 6 cos 2^ cos 4^. 


MISCELLANEOUS EXERCiSES VUL F 

Prove : 


1. sin 36 = 3 sin 5 — 4 sin^ 6, 


2. cos 35 = 4 cos3 5-3 cos 6. 


3. 


tan 36 = 


3 tan 6 — tan^ 9 
1 - 3 tan- e 


4, 


cot 35 — 


c ot^ 5 — 3 cot 5 
3 cot- 5 — ] 


6. sin 45 = 4 sin 5 cos 5(1 — 2 sin- 55 
6. cos 45 = 8 COS" 5 — 8 cos- 5 -r i ■ 


7. tan 45 = 

8. cot 45 = 


4 tan 5(1 — tan- 9) 

1 — 6 tan- 5 + taii’^ 5 
cot^ 5 — 6 cot- 54-1 
4 cot 5 (cot- 5 — I j 


9. 


tan 5 4" tan <p = 


sin (5 4- <f>) 
cos 5 cos 4> 


tan 5 — tan = 


sin (5 — <i>) 
cos 5 cos 0 


11. cot 5 4- cot <^ = 


sin(5 + <p) 
sin 5 sin 4> 
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cot = 


g.m(<p -- d) 
sin 6 sin 4> 


cos 6 — cos (p 


== tan -f" 

= — tan i(^ -f~ <^) tan •i-(5 


eosln — 2)^ — cos 

— o ^ r * n = tan d. 

smiyi — 2}d 4- sin nd 

sin- B — sin- <p = sin (5 + <^) sin(0 — <f>). 

cos- 6 — cos- <p == “sin(^ -f- (ft) sin(d — <f>). 

sin(^ -r o) _ tan 6 + tan _ cot <l> + cot 8 

siii{d ~ 4>) tan 6 — tan cot — cot B 

cosjd 4- 4>) __ 1 — tan 9 tan ^ 1 — cot d cot 

sin(e — 9 ) tan 6 — tan ^ cot B — cot 0 

3 sin 0 — sin 30 ^ « 

3 cos 6 + cos 30 ” 

sm 0 -j- sin 30 + sm o0 = — : — 


tan^ 0. 


Given sin 0 = cos both angles acute. Find 

(a) sin(0-f ^), (b) eos(0+<^), (c) tan(0-f-^), (d) cot(0+«^), 
(e) sin(0~9), (f) cosid-4>)f (g) tan(0-<^), (h) cot(0-<^), 


(i) sin 20, (j) cos 20, (k) tan 20, (1) cot 20, 

(m)sini0, (n) cos (o) tan|0, (p) cot ^0, 

(q) sin (r) cos (s) tan 4^, (t) cot y>, 

(u) sin 0 + sin 9 , (v) sin 0 — sin 

(w) cos 0 + cos (x) cos 0 — cos 

Given tan 0 = cos Find all possible %^alues for 

the expressions (a)-(x) in the preceding exercise* 

Find sin 22-|^®, cos 22|®, tan 22|-®, cot 22|® by using the known 
functions of 45°. 

Find sin 18°. 

SoLFTiON. Let 0 = 18°; then 30 = 54° = 90° - 20. 
cos 30 = eos(90° — 20) = sin 20. 

Using exerci.se 2 above, we get 

4 cos® 0 — 3 cos 0 =* 2 sin 0 cos 0, 
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or co< ^(4 cos- 6 — 2 sin d — 3.' = 0. 

Setting ilie first factor equal to zero, we gel 
cos d = iK 0 (not iS^), 

and this value must l)e discarded. From the second factor we 
get, after a slight reduction, 

4 sin- § -f 2 sin ^ — 1=0. 


This quadratic equation yields 


sill d — 



Since sin 6 mu>st here be ]>ositivt% we retain the upper sign 
only, and write 


26. Find cos IS®, tan IS®, cot IS®. 

27. Find sin 36®, cos 36®, tan 36®, cot 36®. 

28. Find sin 9°, cos 9®. 

29. Find sin 3®, cos 3®. 

30. Find sin 6®, cos 6®. 

31. A flagpole 34 feet high stands on top of a tower 30 feet high. 
From a certain point in the same horizontal plane with the 
base of the tower, the angle subtended by the pole is equal to 
the angle of elevation of the top of the tower. Find the dis- 
tance from this point to the base of the tower. 

32. A tree stands on the edge of a 
small lake. A man stands on the 
opposite side of the lake, his eye 
being at a height k above the foot 
of the tree. He finds that the 
angle of elevation of the top of 
the tree is E and the angle of de- 
pression of its reflection in the 
water is D, Show that the height 
of the tree is 

h sinjD -f E) 
sin(jD — E) 

33. The radius of the circle in Fig. 64 is 1. Consequently MP 
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= aiii y, OM = vo< B. Prove that AQP = and show how 
TO obtain functions of -hS from tbie figure. 

34. Draw a similar figure for the case in -which 6 is obtuse, and 
show that tlip same method applies. 


Pruvt' that if .1. C are ilie angles of a triangle, then 


35. sin A — sin B — sin C = 4 cos hA cos 4-5 cos 4-C. 

36. cos A — cos 5 fi- cos r = 14-4 sin 4-4 sin sin W, 

37. tan A — tan B -r tan C = tan A tan B tan C. 

38. .-in .1 — sin B — sin C = 4 sin 4-4 sin 45 cos 

39. CO- . i — cos B — cos C = — 1 -f 4 cos 4.4 cos 45 sin ^C. 

40. sin 2.1 4- 25 4- .“^in 2C = 4 sin .4 sin 5 sin C. 

41. cos 2.1 -f- cos 25 4- cos 2C = ~ 1 — 4 cos 4 cos 5 cos C. 

42. sill 2.1 -r sin 25 — sin 2C = 4 cos 4 cos 5 sin C. 

43. cos 24 CCS 25 — cos 2C = 1 — 4 sin 4 sin 5 cos C. 

44. sin- .1 ”r sin- 5 4- sin- C = 2(1 -j- cos 4 cos 5 cos C). 

45. cos- 4 “T cos- 5 -4 cos- C = 1 — 2 cos 4 cos 5 cos C. 

46. sin- .4 -f sin- 5 — sin- C = 2 sin 4 sin 5 cos C. 

47. cos- A 4" cos- 5 — cos- C = 1 — 2 sin .4 sin 5 cos C. 

48. sin- ^4 4- ^in- >5 4- -sin- -JC = 1 — 2 sin -hA sin |5 sin ^C. 

49. sin- lA 4- 45 - sin- 4(7 = 1 — 2 cos 44 cos 45 sin JC. 

50. COT LI 4- cot 45 4 cot 4(7 = cot 44 cot 45 cot 4C. 

51. tan 4.1 tan 45 -r tan 45 tan 4C 4- tan 4(7 tan 44 = 1. 

52. cot .1 cot 5 -f cot 5 cot C 4- cot C cot 4 = 1. 

53. sin (5 4- C — .1) -h sin(C + .I — 5) -r sin (4 4-5 — 0 

= 4 sin 4 sin 5 sin C. 

54. An(B -r 2C) - siii(C -t- 24) + sin(4 4- 25) 

= 4 sin 4(5 — C) sin UC — .4) sin 4(4 — 5). 


55. 


r^in 24 4- sill 25 -j- sin 2C 
-in 4 — sin 5 4- sin C 


= 8 sin 44 sin ^B sin i-C. 


56. Prove the law of tangents by using the law of sines and (8) 
and (9) of section 75. 


Suggestion'. From the law of sines tve get 

*7 — 5 _ sin .4 — sin 5 
a A- h sin .4 -j- sin 5 
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*76. Reducfion of a cos 6 dz b sin B. 

It is frequently desirable to 
reduce an expression of the form 
a cos ^ li: 5 sin ^ to the form 
r sin(^ zn <p) or r cos\^ dz o). 

These transformations adapt the 
expressions to logarithmic com- 
putations, and are often of ad- 
vantage in solving trigonometric equations. They may be 
made in the following manner: 
a cos ^ + 6 sin ^ 

= \ a- -f b-( — — cos 6 -1 - sin B 

\\ a- + fc- \ a- 4- 

Let us introduce an angle 9 such that t see Fig. 65) 

a . b 

cos © = sm 0 = 

Then, 

a cos 6 + b sin 6 = \ a- d- b' (cos 6 cos g t sin 0 sin 9 ) 

= v'a" + 6 “ cosf^ — o). 



Example. 


3 

Fig. 66 


Reduce 3 cos ^ — 4 sin 6 to the form r cos(^ -f p). 
Solution. ^lultiply and divide by v'3- -r 4- = 5: 
3 cos 6 — 4: sin 6 — 5(f cos 9 — f sin 9). 

If g is an angle such that (see Fig. 66), 


sin o = ? 

o 


3 cos ^ — 4 cos 6 = 5(cos 6 cos <f> — sin 6 sin 6) 

= 5 QOS{d + <t>)’ 

From tables we find <f> = 53® approximately. Therefore, 
3 cos 0 — 4 sin 0 = 5 eos(0 -f 53®}. 
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EXERCISES VIII. G 

1. Rs/iiiirp -in d — cos 6 to the form r sin(^ — <^), and find the 

p. 

2. Reduce >in 6 -r 2 cos 6 to the form r sin(<9 + and find <*>, 

Reduce each of the following expressions to one of the forms 
r rr: p\ r sin{^ zb <^), and find the value of <p, 

3. 12 c«s> e — o sin 6 . 4. 3 sin ^ — 2 cos 6 . 

- Vd 

5. cos :? — % 3 sin d. 6. -I sin $ + cos 6. 

7. {‘OS a -f sin 9. 8. 0.4 cos ^ + 1.5 sin 6. 

9. 0.3042 cos 6 — 1.2476 sin 6. 

SuGGESTiox. Use logarithms. 

10. Given 3 sin i9 ~ 4 cos ^ = 2. Reduce to the form r sin(^ — <j)) 
= 2. in which r and ^ are known. Find sin(0 - <?!>), and, from 
tables, 6 — g. Finally, find a value of 6 which satisfies the 
original equation. 



CHAPTER IX 
Radian Measure 


77. Radian 

One radian is the measure of an angle wliieh, if its vertex 
is placed at the center of a circle, in- 
tercepts on the circumference an arc 
equal in length to the radius. It may 
be abbreviated 1 rad. or This 
unit of measurement of angle is im- 
portant in deriving and in simplify- 
ing certain formulas in calculus and 
higher mathematics. Radian meas- 
ure is sometimes called circular meas- 
ure of angles. 

78. Relation between radian and degree. 

The relation between the radian and the degree may be 
found as follows: The circumference of a circle Is 2:r times 
the radius. Therefore, the number of radians in 360' is 
27r. That is, 360° = 27 r^'‘b If we divide this equation by 2 
we get 

180° = = 3.1416<^>. (1) 

This is a conv^enient relation to remember when reducing 
degrees to radians or radians to degrees. 

Frequentty used are the follovving angles: 

90° = 60° = J 45= = I 30° 
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From ! 1 j we get 


- 0M7i52« 

a 1^0 

1 -- = M: = 57 . 29578 =’ = 57 ’ 17 ' 44 . 8 ". 

Example 1. 

Co!iverr 37' 43' 26" to radians. 

^OLunox. 37= 43^ 26" = 37.7239= 

= 37.7239 X 0.017453^"^ = 0.6584^^>. 

Example 2, 

Convert 2.25 radians to degrees, niinutes, and seconds. 

Solution. 2.25''"^ = 2,25 X 57.29578= 

= 128.9155= = 128= 54' 56". 

If tables for converting degrees to radians (e.g., Table IV 
of the Ivlacmiilan Logarithmic and Trigonometric Tables) 
and radians to degrees (e.g.. Table Va of the Macmillan 
'Fables) are available, problems such as the foregoing are 
considerably simplified. 

EXERCISES IX. A 

1. Reduce the following angles to radians, giving the results in 
terms of tt: 

(a) 10=, (b) 35=, (c) 48=, (d) 70=, 

(e) 150=. (f) 2S0=, (g) 18=, (h) 400=, 

(i) 10= 30', (j) 24= 45', (k) 480= 45', (1) 17= 20'. 

2. Reduce the following angles to radians, giving the results in 
decimal form: 

(a) 15’. (b) 10° 17', (c) 10° 17' 22", 

(d) 18° 24' 16". (e) 370° 15' 8", (f) 142° 25' 30". 

(g) 67° 43' 52", (h) 21° 21' 21", (i) 2° 3' 49". 

3. Exprei-:< the following angles in degrees. (ViTien it is quite 
clear that radian measure is to be used, the symbol for radians 
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is commonly omitted. Tims, the ir r 

adiaiis may be 

written simplv 

rr.) 





. 2t 

i p \ — , 

tf) 

(h) 

TT 

Hi - ? 

0 

(k)|. 

0) f. 

. Stt 

/ V 7x . 5:rr 

10; 

(p)f- 

Express tiie following angles in degree.-, niinint 

V. and seconds: 


50 ’ 150 ■ 

(d) y 

(e) ff . 

40 ’ 24 ■ 

<«§■ 

0) i. 

,.S lliT , Su" 

lo' ’ 32 ■ 

® H • 


5. Reduce to degrees, minutes, and seconds: 

(a) (b) (c) (d) 

(e) (f) L23t)-^ (g) 0.1236-^ ili) U.123G-««. 

6. One angle of a triangle is 25’, another angle is 1.3 radians. 
Find the third angle in degrees, and also in radians. 

7. Find, in radians, the angle between the hands of a clock at 

(a) 2 o^clock, (b) 5 o’clock, (c) 7:30, (d) 5:15. 

8. Through how many radians does ilie hour hand of a watch 
turn in (a) 5 hours? (b) ^ hour? (c; 10 minutes? (d) 3 days? 
(e) between 8:00 a.m. and 5:30 p.m.? 

9. Through how many radians does the earth turn in (a) 1 hour? 

(b) 1 minute? (c) 3 hours and 20 minutes? (d) 3 days? (e) be- 
tween 8:00 a.m. and 5:30 p.m.? 

10. An automobile wheel is 2 feet in diameter. Through how 
many radians does it turn while the automobile travels 1 mile? 

11 . Find the value of each of the following functions, using tables 
if necessar^u 

(a) sin ~ » (b) cos y ; (c) tan 
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.--in Y ■ ^1= ■ y • (>) ^ > 

<-c.T y • (k) ^ • (1) eoi^ ^ , 

; !:! >!!: r-% (n) cos 2.3^^j (o) tan( — 5.2)®, 

p’ cot 0.435®, (q) sin 0.01®, (r) cos 100®. 

79. Relation between arc and angle. 

Stip]i<jse that the arc CD in Fig. 68 subtends a central 
ui‘ e radians, and that the arc AB subtends a central 
angle of 1 radian, ti^ince central angles have the same ratio 
as their intercepted arcs, dil = s;r, or 

0 = £, s = TO. (1) 

That iS;, 

arc = radius X angle (in radians). 

It is readily seen that for a unit circle 
(that is, a circle whose radius is 1), a 
central angle expressed in radians is 
numerically equal to the intercepted 
arc expressed in linear units. For ex- 
ample, in a circle having a radius of 

1 inch, a central angle of 2,3 radians 
will intercept an arc of 2.3 inches. 

W hat IS the length of the arc intercepted by a central angle of 
95'^ ill a circle whose radius is 12 feet? 

Solution. First reduce the angle to radians: 



Example. 


From (1), 5 = = 12 X 1.66 = 19.9 ft. 

"^80. Angular velocity. 

If a wheel turns completely round thirty times in a 
second, we say that it is rotating at the rate of thirty revo- 
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^$o; 

iutioiis per second, abbreviated r.p.s. Similarly, the ex- 
pression “ revolutions per minute " is abbreviated r.p.m,) 
A spoke of this wheel will turn through in each rota- 
tion, or through 30 X 360" = lOSOO" ]3er second. Since 
the spoke turns through 27r radians in each rotanon, in 
each second it turns through 30 X 27r radians, or 60n- ra- 
dians. The wheel is said to have an angular velocity of 
30 r.p.s., or lOSOO^ per second, or 60- radians per second. 

Suppose now that the wheel has a radius of 2 feet. When 
the wheel has turned through an angle of 1 radian, a point 
on the circumference will have moved through 2 feet. For 
any number of radians through which the spoke turns, a 
point on the circumference travels twice that number of 
feet. But the wheel turns through 60r radians per second. 
Hence, a point on the circumference moves through 60 :t 
X 2 feet per second, or it has a linear velocity of 120 t feet 
per second. 

In general, let us suppose that a line OP, of length r, is 
rotating about the point 0 with a con.staiu angular velocity. 
If it turns through an angle 9 in i units of time, the angular 
velocity o) is given by the formula 



from which we get 

d = cat. (1) 

Since the length of OP is r, we find from ?T ; of the pre- 
ceding section that the arc through which P moves while 
OP turns through 9 radians is 

s = rd = ra't. (2) 

But if V is the velocity of P in linear units per unit of time, 
we have ^ = vf^ that is, 


ti = roiL 
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Dividing by L we obtain the formula 

V = (3) 

Example. 

A rotating wheel has a radius of 2 feet 6 inches. A point on the 
rim of rliO wheel moves 10 yards in 3 seconds. Find the angular 
velocity of the wheel. 

Solution. The linear velocity of the point on the rim is 

~ yd, per sec. = ft. per sec. = 10 ft. per sec. 

(It should be noted that like quantities must be reduced to the 
same unit.) Substituting v = 10, r = 2.5 in (3), we get 

10 = 2 . 00 ;, CO = ^ = 4^**^ per sec. 

Ji.O 

EXERCISES IX. B 

1. A central angle in a circle of radius 10 inches intercepts an 
arc of 14 inches. How mam^ radians are there in the angle? 

2. A circle has a radius of 15 inches. Find, in radians, a central 
angle subtended ];y an arc of (a) 25 inches, (b) 1 inch, 
(c) 2 feet 6 inches. 

3. An arc of 4 feet 3 inches subtends a central angle of 1.2 ra- 
dians. Find the radius of the circle. 

4. Find the length of the arc intercepted by an inscribed angle 
of 0.35 radian in a circle 'who.se radius is 3 inches. 

5. The angle between a tangent and a chord is ^ radian. If the 
length of the arc subtended by the chord is 5 inches, what is 
the radius of the circle? 

6. Find, in radians, the angle between the tangents to a circle 
at two points whose distance apart, measured on the circum- 
ference of the circle, is 350 feet, the radius of the circle being 
SOO feet. 

7. Each of two tangents from an external point to a circle is 
3 inches long. The smaller arc which they intercept is 2 ra- 
dians. Find the radius of the circle. 
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8. A fi\'%vhcel 1.5 feet in diameter has an angular velocity of 
S radians per second. Find the linear velocity of a |X)int on 
the rim. 

9. The wheel of an automobile is 2 feet in diameter. The auto- 
mobile is traveling at the rate of 30 miles an hour. Find the 
angular velocity of the wheel in radians j)er minute. 

10. A belt travels around two pulley.'^ whose diameters are 

10 inches, and 4 feet respectively. The larger makes 

100 revolutions per minute. Find the angular velocity of the 
smaller pulley in radians per second. 

11. An airplane propeller measures 8 feet from tip to tip. It 
rotates at the rate of 1800 r.p.ni. (a) Find its angular velocity 
in radians per second, (b) Find the linear speed of a point on 
the tip of one of the bladeSj assuming that the airplane itself 
is not in motion. 


*81 , Area of sector and of segment. 

A sector of a circle is a portion of the circle bounded by 
two radii and their intercepted are. In 
plane geometry it is shown that the area 
of a sector is equal to one-half its arc 
times the radius of the circle. Thus, 
the area of the sector OAB in Fig. 69 
is given by the formula s being the 
length of the arc AB, If the angle 6 in 
this figure is expressed in radians, w^e 
have 5 = rd, and, substituting this in the expression we 
have 



Fig. 69 


area of sector = ir-6 (d in radians). (1) 

A segment of a circle is a portion of the circle bounded 
by an arc and its chord. The area of the sector bounded 
by arc AB and chord AB in Fig. 69 is obAriously equal to 
the area of the sector AOB minus the area of the triangle 
AOB. But the area of the triangle is equal to Jr- sin 6, (See 
section 51.) Thus, 

area of segment = ir%d — sin 6) (d in radians). (2) 
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EXERCISES /X. C 

!• Find the area of a sector having an angle of 0.75 radian in a 
circle whose radius is 6 inches. Find the area of the corre-* 
sponding segment. 

2. The perimeter of a circular sector, whose angle is 1.5 radians, 
is 14 inches. Find the radius of the circle. 

3. The area of a sector of a circle, whose radius is 15 inches, is 
135 square inches. Find the angle of the sector. 

4* The area of a sector of a circle is 705.6 square centimeters. 
If the angle of the sector is 0.45 radian, what is the radius of 
the circle? 

5. The central angle subtended by the arc of a segment of a 
circle is 1,3 radians. The area of the segment is 17 square 
inches. Find the radius of the circle. 

6. A chord of 0.75 foot subtends an arc of 0.75 radian. Find the 
area of the segment bounded by the chord and the arc. 

7. A segment of height 3 inches (distance from center of chord 
to center of arc) has an arc of J radian. Find the area of the 
segment. 

8. The perimeter of a segment of a circle is 22 inches. The arc 
is 2 radians. What is the area of the segment? 

9. A right circular cone is made by cutting 'out a sector, whose 
angle is 1.2 radians, from a circular piece of paper of radius 
5 inches, and then placing the cut edges of the remaining por- 
tion together. Find (a) the lateral area and (b) the volume 
of the cone. (Lat. area == ^ circumf. of base X slant ht., 
Tol. = area of base X alt.) 

10. Find the area of a 35® sector in a circle whose diameter is 
7 inches. Find the area of the corresponding segment. 

11. A horizontal cylindrical tank has a diameter of 4 feet and a 
length of 10 feet. It is filled with Kquid to a depth of 8 inches. 
How many gallons of liquid does it contain? (1 gal. = 231 cu, 
in.) 

^82. Angles near 0® or 90®. 

For angles near O'' or 90'’ (say between 0® and 3® or be- 

t'ween 87® and 90®) interpolation by proportional parts may 

yield results which are considerably in error. 
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This difricuity may be remedied, to considerable extent, 
by using special tables for such angles 
e.g,. Table Ilia of the IMaemiilan Log- 
arithmic and Trigonometric Tables). 

However, the difiiculty may be met in 
tutolher way, which is also useful for 
SI ill further refinements even if such 
special tables are available. 

In Fig. 70, A T is tangent to the unit 
circle with center at 0, HP is a chord, angle 6 is measured 
in radians. It is evident that, in area, 



Fig. 


triangle AOP < sector AOP < triangle AOT. (1) 
But by formula (7) of section 51, 

area triangle AOP == V; sin 0. (2) 

By formula (1) of the preceding section, 

area sector AOP = -16 • (3) 

Since AT == tan 


area triangle OAT = -b tan 6. (4) 

Substituting (2), (3), (4) in (1), and dividing through by 
4, w'e get 

sin 6 < 6 < tan 6. (5) 

That is, if a positive acute angle is measured in radians, it 
w'ill alwmys be greater than its sine and less than its tangent. 
If we divide (5) by sin 6, we find that 


1 < 


6 

sin 6 


< sec 6, 


( 6 ) 


Xow’, as the angle 6 shrinks in size to 0, sec 6 approaches the 
value 1. It is evident, therefore, that as 9 approaches 0, the 
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ratio ^ sin B must also approach 1 as its value. This mav 
be written 


lim = 1. 
sin 6 


( 7 ) 


Similarly, we may divide (5) tan B, getting 


cos B < 


d 

tan 6 


< 1 . 


( 8 ) 


Since cos 0 = 1, it follows that 


lim 

d-^o 


o 

tan d 


= 1 . 


( 9 ) 


It may be noted that (7) and (9) are equivalent, respec- 
tivelj', to 

r sill® 1 1- tan 0 , 

Iim — ^ = 1, Inn — — — = 1. (10) 

0— >0 ^ 0-->O t/ 

These equations mean that 


sin 9 « e, tan 0 « 6 (0 small), (11) 


where the symbol « denotes “ is approximately equal to.” 
This may be verified by reference to tables. To illustrate. 


sin 2° = 0.03490, tan 2° = 0.03492, 2° 

If 0 is near 90° ^i.e., ^ we may write 0 = 
^ will be a small angle. Consequently, 


= 0.03491«. 
I - and 


cos 0 = cosl 


(l - <^) = si 


sm <l> 




( 12 ) 


Similarly, cot 0 « | - 0. (13) 


We may summarize as follows: 
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If B is near 0, 

sin 6 tan $ ^ 0 * , 

1 114) 

cot 6 ^ CSC B ^ } 


cos B and sec 6 may be found from tables, as usual. 
If 6 is near 90^ (f.e., ~ ), 


cos 0 ^ cot ^ - T 
2 


tan 6 « sec 6 


1 



( 15 ) 


sin 6 and esc B may be found from tables, as usual. 


Example 1. 

Find log tan 2' 54^L 

Solution. 2' 54^' = 0.048333^ = (0.04S333 X 0.017453)^’^>. 

log 0.04S333 = S.6S425 - 10 
log 0.017453 = S.241S7 - 10 
log tan 2' 54" = 6.92012 - 10 

This agrees exactly with the value found in tables giving values 
for eveiy" second. 


Example 2. 

Find the angle subtended 
by a yardstick at a distance 
of 1 miie. 

Fig. Ti 

Solution. Strictly speak- 
ing, the yardstick would be the base of an isosceles triangle whose 
altitude is 1 mile, or 1760 yards. We could thus find (see Fig. 71) 



tan irO == 


0.5 
1760 ' 


from which, since tan ^B may be replaced by & is readily 
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obtainable. However, it makes no essential difference if we regard 
the yardstick as one side of a right triangle of which the other 
side is 1 mile. Indeed, probably the best way to regard the prob- 
lem is to think of the yardstick as the arc, rather than the chord, 
of a circle of radius 1 mile. Any of these methods leads to the 
approximate equation 

, _ ^ ^ = 0.00056S2f^> = 1'57.2''. 

lioO 

A slowly changing function does not determine the angle 
very definitely. For example, if it is given that log cos 9 
= 9.99990 — 10, reference to a five-place table ghing the 
values of the logarithmic functions for every minute, shows 
that 6 may have any value from 1*^ 12' to 1° 15' inclusive. 
Hence we should, if possible, avoid using cos i9 if d is near 0, 
or sin ^ if ^ is near 90®. 


EXERCISES IX. D 


Find the values of the follo’?ving functions: 


L (a) sinriS'lT", 

(b) tan r 13' 17", 

(c) cot r 13' 17", 
3. (a) log sin 54' 22", 

log tan 54' 22", 
(c) log cot 54' 22". 


2. (a) cos 89° 2' 20", 

(b) cot 89° 2' 20", 

(e) tan 89° 2' 20". 

4. (a) log cos 89° 20' 54", 

(b) log cot 89° 20' 54", 

(c) log tan 89° 20' 54". 


5. A railroad is inclined at an angle of 50' with the horizontal. 
How many feet does it rise in a horizontal distance of 2 miles? 

6. A highway rises 70 feet in a horizontal distance of 1 mile. 
T^lhat is its angle of inclination? 

7. If the moon is at a distance of 238860 miles from the earth, 
and its diameter subtends an angle of 31' 5" at the earth, 
what is its diameter? 

8. If the sun is 92,897,000 miles from the earth, and subtends 
an angle of 31' 59" at the earth, what is its diameter? 

9. At Alpha Centauri, the nearest star to our sun, the distance 
from the earth to the sun (see preceding exercise) subtends 
an angle of 0.76". Find the distance from the sun to the star- 
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10. Tiie mean radius of the earth is approximately 3957 miles. 
It subtends an aitgle of S.S" at the sun. Find the distance 
from the earth to the sun. 

11. If trie mean radius of the earth (see preceding exercise) sub- 
tends an angle of 57' 2.6'* at the moon, what is the distance 
from the eartii to the moon? 


Solve the followina: triausrles: 


12. .4 = 2S.lb 

13. C = 90% 

14. A = r 13.2h 

15. o = 5432L 

16. C = 56.9h 

17. B = SS^ 15.3b 


C = 90% 

G = 0.76128, 
B = 46^ 21.4b. 
h = 2S967, 

G = 5.23S9, 

C - 32^ 19.7', 


G =: 12.486. 
h = 57.953. 
G = 124.75. 
c = 25422. 
b = 1.9942. 
G = 0.11654. 


*^83. Ml!. 

A unit of angular measurement used in military science 
is the mil, which is reW of a right angle, or 3' 22-l-'b One 
degree is 17t mils. A mil is approximately equal to one 
thousandth of a radian (more accurately, 0.(X)09S2 radian). 
Practically, it is the angle subtended by a line of unit 
length at a distance of 1000 units. 

If a line L units in length at a distance, or range, of R 
units, subtends an angle 3/ (see Fig. 72), then the number 
of mils in 3/ is given by the approximate formula 


From this we get 


M 


1000 L 
R 


L « 0.001 RM, 


R ^ 


1000 L 
M 


( 1 ) 

( 2 ) 


The errors resulting from the use of formulas (1) and 
(2) will be less than 2 per cent pro\’ided the angle is not 
greater than 680 mils (about 3S"). 

In Fig. 72, L is the base of an isosceles triangle w'hose 
vertex angle is 3f . If, as in Fig. 73, the lengths L and R 
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are the sides of a right triangle having the acute angle M 
opposite side formulas (1) and (2) still hold. In this 



Fig. 72 Fig. 73 


case the error caused by using them will be less than 2 per 
cent if the angle is not greater than 340 mils (about 19®), 


Example, 

Find the angle subtended b^’' an object 8 yards long at a dis- 
tance of 20G0 yards. 

Solution. Here L = 8, E = 2000, and from (1) we find 


M 


1000 X 8 
20000 


4 mils. 


EXERCISES IX, E 

1. An object 20 feet long is 500 feet away. How many mils 
does it subtend if it is at right angles to the line of sight? 

2. A tree 250 yards distant subtends an angle of 30 mils. How 
tall is it? 

3. A boxcar w^hich is known to be 42 feet long subtends an angle 
of 20 mils. If it is perpendicular to the line of vision, how far 
away is it? 

4. A hill at a distance of 1560 meters subtends an angle of 
40 mils. How' high is it? 

5. What angle does a pole 25 feet high subtend at a distance of 
100 yards? 

6. A balloon known to be 150 feet long is directly overhead and 
subtends an angle of 125 mils. How high is it? 

7. A hill 50 meters high is 1500 meters away. At what angle 
with the horizontal must a gun be pointed in order for the 
projectile just to clear the top of the hill, if an allowance of 
10 mils must be made for the fall of the projectile? 

8. A tree 75 feet high is at a distance of 500 feet from a given 
point on the ground; 1500 feet farther away is a hill 350 feet 
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high. If a line is drawn from the point on the ground through 
the top of the tree, how far from the top of the hill will it 
strike? 

9. A gun is 2500 yards from its target. A shot is fired and the 
projectile is obsert’^ed to strike even with the target but S mils 
to the right. By hotv many yards did it miss the target? 

10. Change into mils: 10®. 15®, 10', 10". 

11. Change into degrees, minutes, and seconds: 10 mils, 50 mils, 
100 mils. 



CHAPTER X 


Graphic Representations 
of the Trigonometric Functions 


*84. Line representations of the trigonometric Functions. 


We shall now show how to represent the trigonometric 
functions by means of line segments. In so representing 



Fig. 74 

the functions we shall make use of a unit circle, that is, a 
circle whose radius is 1. 

The circles in Fig. 74 are unit circles. In this figure the 
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iiritiai side of the raigle Q is, as usual, in coincidence with 
the positive end of the x-axis; its terminal side is OP, P 
being the point in which the terminal side intersects the 
unit (‘irele. Four different values of 6 are shovtui, one in each 
of the four quadrants. In each case MP is drawn perpen- 
dicular to the .r-axis, and the lines at A and B are tangent 
to the circle. ^Points A and B are the intersections of the 
circle with the positive ends of the x- and y-oxes respec- 
tively.) 

Referring to the figure, we see that for d in any quadrant. 


sin B = 


MP ^ 
OP 


cos 6 ~ 


OM 

OF 


MP 

1 

OM 

1 


= MP, 
- OM. 


The signs of these functions are determined by the direc- 
tions of the segments MP and OP. The segment MP will 
be regarded as positive if the direction from M to P is up- 
ward, as negative if this direction is downward. The seg- 
ment OM will be regarded as positive if the direction from 
0 to M is to the right, as negative if this direction is to the 
left. 

In order to complete this scheme of representing the 
functions, we must write the remaining functions as ratios 
in which the denominator is 1. This is accomplished by the 
selection of similar right triangles, iloreover, we wMi to 
select the line segments which represent the functions so 
that they will have the proper signs. 

To represent the tangent we note that 


tan 6 = 


MP 

OM 


OA 


It is readily proved that the right triangles JfOP and 
BOC are similar, and it follows that 


cot 0 


OM 

MP 


BC 

OB 
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The eonventions regarding signs, as stated above, ^ill 
apply to the segments A T and BC, 

Tlie secant and the cosecant are measured along the 
terminal side of the angle. We shall specify that when 
they are measured in the same direction as the terminal 
line, that is, from the origin out, they are positive, and 
when measured in the reverse direction they are negative, 
(Cf. section 72.) Then, from similar triangles, we have 


sec d 

CSC d 


OP 

OM 

OP 

MP 


OT 

OA 

OC 

OB 


OT 

1 

qc 

1 


OT, 


= OC. 


It should be noted that the functions are not lines. They 
are ratios, and therefore abstract numbers. The values of 
the functions are given by the measures of the lengths of 
the lines (i.e., line segments) in terms of the radius as a 
unit. The use of the circle explains why the trigonometric 
functions are sometimes called circular functions. It also 
explains the origin of the terms tangent and “ secant/’ 

Certain relations connecting the functions can be proved 
very readily from Fig. 74. For example, 

sin- B + cos- 8 = 1, 1 + tan- 6 = sec^ B, 

1 + cot^ B ~ csc^ B. 

85. Graph of the sine. 

A study of Fig. 74 shows that for an angle of O'" the line 
J/P, representing the sine, disappears; that is, sin O'" = 0. 
As the angle increases from 0®, the sine increases, until at 
90" it reaches its maximum value of 1; as the angle in- 
creases further, the value of the sine decreases to 0 at 180°, 
and to — 1 at 270°. It has now reached its Tninimimn value, 
and as the angle increases be 3 mnd 270° the sine increases 
from — 1 to 0, which value it reaches when the angle reaches 
360°, 

This variation in value of the sine is shown in Fig. 75, 
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which h i!ie iirapii nf j ~ vaiur- i aikl — I are 

iiiarked on the and any eonveiurnr unit i- chosen on 

the ^-axis. The inforniaTion of the preceding paragraph is 
supplemented by using tables O) uiuain values of y for a 
BUiiiber of values of x, so that the points can be plotted 



y'zizz 

Pig. 7o 


accurately. If a sufficient number of points are taken, a 
smooth curve can be drawn through them. 

If tables are not eonvenienily at hand, the values of the 
sine for the angles 0"", 30^, 45 '', 60”, 90”, 120^, and so on, 
can readily be calculated without tables. These values are 
listed in the accompamdng table. From them the sine 
curve can often be plotted tvith sufficient accuracy. 

d .6 e 

0= 0 1S0= 

30= 4 = 0.50 210= 

45® ^ == 0.71 

QQo ^ ^ 0.87 240= 

90® ^ 270= 

120® ^ - 0.S7 300= 

135° ^ = 0.71 315° 

150® 4 = 0.50 330® 

ISO® 6 360® 


.6 


u 

-X = 


-0.50 


-2^ =-0.71 
= -0.S7 


_2^ = -0.S7 

2 

= -0.71 

2 

Ix == -0.50 
0 
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These same angles are useful in constructing graphs of 
the other functions. (See following sections.) 

If the angle increases bcA'cnd 360", the sine runs through 
the same values again. Thus, the part of the graph between 
0' and 360"" is a complete pattern of the entire cuiwe, which 
extends indeSnitely both to the right and to the left. For 
this reason, 360' is called the period of the sine. 

86. Graph of the cosine. 

The cosine starts with its maximum value of 1 when the 
angle is 0^, decreases to 0 at 90"", to — 1 at 180^, and then 
increases from this minimum value through 0 at 270® to 1 



y=CQsx 

Fig. 76 


at 360®, The period of the cosine is also 360®. The graph 
oiy = cos X is shown in Fig. 76. 

87. Graphs of the tangent and the cotangent. 

In Fig. 74 the value of the tangent is given by the length 
and the direction of the tangent line A T. Since this length 
is determined by the point of intersection of the tangent 
line at A with the terminal side of the angle, at 0® the tan- 
gent is 0. The tangent increases as the angle increases, un- 
til at 90® the terminal side is parallel to the tangent line, 
and there can be no point of intersection. That is, there is 
no value of the tangent for an angle of 90°. However, since 
the value of thp fpncrpnf. FrkT- on U .1 nrkO 
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Si: 


*;ery great, and since the tangent is inereasing as the angle 
increases, it is customary to say that the tangent ap- 
iiiiiiiit}'' (x-) as the angle approaches 90 ^* (See 

section 3S. ■ 

in :he second ciuadrant the terminal line must be pro- 
longed backward to intersect the tangent line. This means 
that -‘IT extends downward, and that the tangent is nega- 
tive. As the angle increases beyond 90h the tangent^ which 



Fig. 77 


has just extended indefinitely far in a positive direction, 
now begins at an indefinitely great distance in the negative 
direction.* 

Thus, the tangent does not have a continuous change in 
value : there is a break at 90". It increases from very large 
negative values, for values of the angle just greater than 

* When $ approaches 90^ from below (i.e., in the first quadrant), the limit 
of tan ^ is -f ; when 0 approaches 90^ from above (i.e., in the second quad- 
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90', to 0 at ISO". As the angle increases through the third 
quadrant, the terminal line must be prolonged backward, 
and the values are the same as in the first quadrant. As 
the angle increases from 270^ to 360°, the tangent repeats 



Fig. 78 

its values of the second quadrant. The tangent thus passes 
through a complete cycle of values twice in one complete 
rotation of the line generating the angle. Its period is 
consequently 180°. 

For a graph oly — tan x see Fig, 77. 

In like manner, since the length and the direction of the 
cotangent line are determined by the intersection of the 
tangent line at B with the terminal side of the angle, the 
cotangent starts with very large values for very small 
positive values of the angle, and decreases to 0 at 90°. It 
continues to decrease through negative values in the second 
quadrant, these negative values becoming numerically 
greater and greater as the ancrlA 1 0/\0 A >t 
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angle through iM*'. the j^wings baek to 

very large pu^iuve value>, and derreu:^e> through 13 at 27(1' 
to very large negative valuer a^ tiie atigle approaehe' 3ti0n 
See Fig. 7S.' Heiive the :V‘*::naen: tiFo pa^^sea through a 
eoniplete eyeie of value- twice in vnv euinTeet^/ njtation of 
the terminal line, and its perkd is ISOn 

88. Graphs of the secant and the cosecant. 

The secant starts with the value 1 at On increases with- 
out bound as the angle approaches 90'^ and jumps to very 



Fig. 79 

large negative values as the angle passes through 90®; it 
then increases to — 1 at ISO®, but decreases back through 
large negative values as the angle approaches 270®. As 
the angle passes through 270®, the secant changes sign and 
comes back to the value 1 at 360®. (See Fig. 79.) Its 
period is 360®. 

vprv larere values for small 
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values of the angle, decreases to 1 at 90°, and increases 
without bound as the angle approaches 180°. It then 
changes sign and rises from ver}" large negative values to 
— 1 as the angle increases to 270°, but recedes indefinite!}' 



Fig. 80 


as the angle continues to 360° (See Fig. 80.) Its period is 
360°. 

89. Use oi radian measure in graphing. 

It is sometimes desirable to use radian measure in con- 
structing the graphs of the functions. In such cases the 
point on the :r-axis which previously was marked 360° 
would be marked 2 ^^ radians, the point corresponding to 
ISO'' would be marked tt , and so on. Here it is usual to 
take the same unit on each axis; thus, the point tt would be 
3.14+ units from the origin. 

If the radian is used as the unit of measure of ane*1ft- th^ 



EXERCISES 


163 


period of sine, cosine, secant, and cosecant is 2Tr; the period 

i)f lai'igent and cotangent is 

^ 90 . Geometric construction of the sine and cosine graphs. 

By using a unit circle, we can construct the sine curve 
.as indicated in Fig. SI. In this figure a unit circle is drawn 


n 



at the left, and a horizontal line, to be used as the x-axis, 
is drawn through its center. On this line is marked an ori- 
gin 0, through which is drawn the ^-axis. The segment 
from 0 to the point marked tt is 3.1416 units long; that is, 
it is equal in length to the semicircumference. The distance 
from 0 to the point marked tt G is equal to the are of the 
circle from the point of its intersection with the x-axis 
to the point marked tt 6, and so on. The method by which 
we obtain the ordinate corresponding to a given abscissa 
is evident from the figure. 

The corresponding method of constructing the graph of 
the cosine curve is left as an exercise for the student. 


EXERCISES X. A 


Plot the following curves: 


1, 1 / = 2 sin X. 
4. 1 / = sin 2x. 


1. y = cot 
10. y = sin XX. 


2, y = 2 cos X. 
5, y — sin 4x. 
8. y = sin 3x- 

11 . y = QOS 


B, y = ^ sin x. 
6 . 1 / = eos4x, 
9, y = tan 2x. 

^TTX 

12 . y = sm^ 
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13. Plot ?/ = sin I cos 2 . 

Suggestion, sin a: cos 2 = | sin 22. 

14. In what points will a line one unit above the 2 -axis mtersect 
the curve y = tan 2 ? 

16. If the graphs oi y = sin 2 and ^ = cos 2 are plotted on the 
same set of axes, for what values of 2 vill they intersect? 

16. Plot y = sin /2 -h and compare with y = cos 2 . 


17. Plot y = cosf 2 - 2 j and compare with y = sin 2 . 


18. Draw the graph of y = cos ^2 - 

19. Draw the graph oiy = sin (2 - 1-). Here radian measure is 
understood. 

20. Given the equation t/ = sin 2 + cos 2 . 

(a) Plot the cur^’e by plotting the sine curve and the 
cosine eur\'e separately and adding their ordinates geometri- 
cally (for example, by using dividers). 

(b) Plot the cun'e by first reducing sin 2 -}- cos 2 to the 
form r sin (2 -f 6). 

21. Draw the graph of 1 / = sin 2 - cos 2 . 

22. Plot y = 2 + sin 2 , using radian measure. 

23. Find the periods of the curves in e.xercises 1-12. 



CHAPTER XI 

Inverse Trigonometric Functions 


91 . inverse trigonomefric functions. 

If a: = t/-, then y is the positive or negative square root 
of x; in s\T3ibols, y == zh\ x. Similarly, if x == sin y, then y 
is an angle whose sine is x; in abbre\’iated form we write 

arcsin x. (1) 

The right-hand member of this equation may be read 
arc sine x ' ’ or ‘‘ an angle whose sine is x,” it being recalled 
that if a central angle of a unit circle is measured in radians, 
the intercepted arc is equal to the angle. The notation 

y = sin-^x (2) 

is also used. The s^nnbol sin“^ x may be read inverse sine 
of X ” or antisine of x or, to emphasize its meaning, an 
angle vrhose sine is x.” It should be carefully noted that 
the — 1 is not an exponent. If w'e wish to have — 1 as the 
exponent of a trigonometric function such as sin x, we must 
write (sin x)“"^, which means 1 sin x. 

The function arcsin x, or sin“^ x, is called the inverse sine 
function of z. The other inverse trigonometric ftmctions 
are 


arccos x 

or 

COS“^ X, 

arctan x 

or 

tan”^ x. 

arccot X 

or 

COt”^ X, 

arcsec x 

or 

sec“^ X, 

arccsc x 

or 

CSC""^ X. 
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92. Principal values. 

An inverse trigonometric fimction, such as arcsin a*, Las 
infinitely many values corresponding to each value of r. 
Consider, for example, arcsin i-. There are two angles less 
than 360'' whose sine is namely 30° and 150°. Any angle 
obtained from either of these by adding or subtracting a 
multiple of 360° also has its sine equal to i-. Therefore we 
may write 

arcsin = 30° + n • 360° or 150° + n • 360°; ... 

n = 0, zhl, ±2, . * W 


or, if we use radian measure, which is usually more desira- 
ble in dealing with the inverse functions, 


arcsin 


^ + 2nir 
6 


or 


5t , ^ 

— + 27i7r; 

71 = Oj zbl, i2, * • *. 


(2) 


The principal value of arcsin x, w’^hich will be denoted by 
Arcsin x or Sin^^x, is that value between —7r/2 and tt 2 
inclusive. Thus, the principal value of arcsin i is 7r/6, 
If the principal value of arcsin a; is then all possible 
values are contained in the two sets 


$ -f 2n7r, TT — d + 2n7r; n = 0, ±1, d=2, • • *. (3) 

These two sets may be grouped together by the formula 
nx -f- ( — 1)”^; n = 0, ±1, ±2, • • *. (4) 

The notation for the principal values of the other inverse 
trigonometric functions is like that for the inverse sine, 
namely, Arccos x or Cos^^x, Arctan x or Taii“^x, etc. 

The principal values of the inverse functions are defined 
as follow^s. That is, the principal value is that value in the 
mter\"al specified. 
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-1 

^ X 

< 

L 

“2 = 



X 

< X 

< 

X , 

— < Arc! an .r 

< 



^ X 

< 

L 

U ^ Arccos r 


T, 

X 

< X 

< 

X . 

0 < Arc(a>t X 

< 

r. 


X 

> 

=ac 

1, 

U ^ .\rcsec .r 

< 

•) " 


X 

< 

-1, 

— V ^ . Vrcsee .r 

< 

””2 


X 

> 

1, 

0 < Arecsc x 

< 

0 ' 


X 

< 

-1, 

— « < Arecsc .r 

< 

— U. 


Note. Other definitions of the principal of the inverse 

trigonometric functions for negative values of r are lines 
given. However, the foregoing definitions are tiie most conven- 
ient from the standpoint of calculus. 

If the principal value of an inverse trigonometric funerion 
is 6, then all values of the inverse sine or of the inverse 
cosecant are given by (3) or ‘4h All values of the inverse 
cosine or of the inverse secant are given by 

2nT zb d\ n =0, bzi, z:z2. • • *. (5) 

All values of the inverse tangent or of the inverse cotangent 
are given by 

d + nTr; n = 0, bzl. =b2, • * •. (6) 

93. Graphs of the inverse trigonometric functions. 

The graph of the equation 

y = arcsin x, (7) 

in which y is expressed in radians, is given in Fig. 82. The 
principal values of the function are indicated by the heavier 
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part of the cun^e, which constitutes the principal branch 
of the curve. It is clear that this curve is also the graph 



y - arcsin z y = arccos x 

Fig. 82 Fig. 83 


of the equation a; = sin which is merely the other form 
of TOting (7). 

The graphs of the other inverse functions are shown in 
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Figs. S3-S7. The priiifipal brunch in eacii cu-se Is indicated 
b}' the heavier part of the curve. 







i/^arccotz 


Fig. 85 
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EXERCISES XL A 


\ 'li \ 3 

Solution. Let 6 = aresin ■ Then.-iu^' --- • and the 
principal value of 8 is 60" or r 3. Therefore, by {4}j 

6 = ?i7r + i — * 1 )% * 

o 

Find the principal values, and also tlie general values, of 
the following: 

2. aresin J . 3. arecos^ — 4. aresin 0. 

5. arccos 0. 6. arceot ^ ^ 7. arctan L 

o 

8. arcescv^. 9. arctan (—vli). 10. aresin 

Find, by using tables, the princi])al values, and also the 
general values of 

11. aresin 0.23770. 

12. arccos 0.93590. 

13. arctan 1.4910. 

14. aresin ( — 0.95510). 

16. arccos(— 0.01020). 

16. arc tan (—12.350). 

17. aresin f . 

18. arccos 

19. arctan 2. 

20. Find cos (arctan f). 

Solution. Let 6 = arc- 
tan f . Then (see Fig. 88), Fig. 88 
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Find 

21. tan(Arcsin 1). 

23. cos(arccos y%)- 

25, tan[Arccos(-“-|-5v]* 

27. sin(aretan f-J-j. 

29. tan[arecos(-“-i)]. 

31. cut ; arctari ( — 3) ]. 

33. sm(arcsiii x). 

36. tan(arcsin x). 

37. cotiareeos x), 

39. sin (arc tan x). 

41. sec (arc tan x), 

43. Find the value of si: 


22. sin(Arccos ^). 

24. sin[Arccos( ~ |4)]* 
26. cot[Arcsin( — FI)]. 
28. cos(arcsin IF). 

30. sec (arc tan 1.05). 
32. sec(arccot 2). 

34. cos(arcsm x). 

36. sm(arccos x). 

38. tan(arccos x). 

40. cos(arctan x). 

42. tan(arcsec x). 

>sf + arctan^). 


Solution. Let 6 = arccos f , 6 = arc tan Then, 


sin(arecos f + arctan ^) = sin(^ + <p) 

= sin ^ cos <;!> + cos (9 sin = (±f)(d=A) + |(±F|). 

Using ail possible combinations of signs, we find the following 
four distinct values for the above expression: 


"" 'If > A “ 
tV “T ff = if> "“A 


They may be expressed in the more compact form: ±ff, db^f. 
Find the values of 

44. sin(Arcsin ^ -f Arccos F). 

45. cos(Arcsin -If + Arccot^). 

46. tan (arctan f -f- arctan ^). 

47. sin(arcsin F + arccos -|)- 

48. cos[arcsin ^ + arcsin(— f)]. 

49. cos^2 arcsin 

50. sin (A arccos 1). 

61. tan(arcsin ^ + 2 arctan f). 

52. tan[arcTan f + arcsin(— f)]. 

63. sin (arctan^ — arccotfF)- 
54. co3[arcsec-^ — arctanC—^)]. 
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55. ^ir: 2 are?iii | i areeo? 



58, Show that Aretan ^ -r Arctan ~ ^ 

2 ,> 4 

SoLrxiox. Let B = Areta!:4, o = A:v Th::: we wLh 
to prove ihar B -r p = t 4. 

*7 -.a T*<» 

tanf5 4- 9) = : . -J-i::: 

i ~ tail if ta 

From this we might have 


c 
-a o 


0 4- p = -4- j-; c= {)^ rzl. ir:2. 

“i 

However, since we are dealing wit ii prinei]xil valve?.-, f* and o 
are in the interval from 0 to r 2. Ti:erefcr</ — o is in the 
interval from 0 to tr. and we must have ^ -r «? = tr_4. 

Prove that 

59. Arcsin f — Arc tan f = Arc tan 

60. Aretan -J- — Arctan L = Arctan tV- 

61. Aresin § -r Arcsin = Aresin -J-J. 

62. Arccos -r Arccos = Arceos 

63. Arccos ^ -f Arctan f = Arctan f-f. 

64. 2 Arctan | -f Arctan ^ = v* 

o i 4 

65. Arccos fl 4- 2 Arctan J = Aresin f . 

66. Arctan f + Arctan = -h Arccos §. 

67. Arctan - -f Arctan \ 4* Arctan 4 = L . 

2 o b 4 

X 4 - 7 / 

68. Prove that Arctan x 4- Arctan y = Arctan "" pro- 
\nded the value of the left-hand side is between — 2 and tr 2. 

Note. In general, 

X . ^ ^ 4- V 

arctan x 4- arctan y = arctan , 

I - xy 
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if it is understood that the particular values assigned to two 
of the inverse functions are arbitrary; the particular value of 
the third is determined when the values of the others are 
assigned. 

Prove that 

69. Arcsin x + Arccos a: = ^for— 

70. Arctan x + Arceot 2 : = ^ for all values of x. 

71. 2 Arcsin X = Arccos(l — 2x‘) for 0 g a; ^ 1. 

72. Arcsin x = zhArccos Vl — x-, according as x < 0. 

73. Arctan x = Arcsin ■ , for all values of x. 

V 1 + X- 

2x 2x 

74. Arctan- — Arcsin , ^ for — 1 < x < 1. 

1 - 1 4 * 3:- 

75. Arctan x + Arccot(x 4 - 1) = Aretan(x- 4" 2 : 4- 1) for all val 
ues of X. 

76. Find all possible values of arcsin (cos 6). 

Solution. Let 9 = arcsin (cos d). Then, 

/tt 

sm 4> = cos 6 = sini ^ ^ 

Therefore, 

I - ^ + n • 27r, 

TT — 4- • 27r. 

These two sets of solutions may be expressed in the form 
^ = I ± 9 + 2n7r. 

Find all possible values of the following expressions: 

77. arcsin (sin ^). 78. arccos(cos 0). 

79. arctan(tan 80, arccos (sin ^). 
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94. Trigonometric equations. 

An equation which satisfied by certain values only of 
the unknown quantity or quantities that it contains is 
called a conditioiial equation. Exam|)les of conditional 
equations are 2.r — 1 == 0. wiiieli is satisiieti by x = i- 
only; x" -r ir — 25, which is satisfied by an iuliiiite num- 
ber of pairs of values of x and y. l>ut certainly not by all 
pairs of values: sine' = A which is satisfied by B = 30'^ 
loir, 390h 510^, etc., but not by ail values of B. 

An identical equation, or identity, is an equation which 
is satisfied by all values : with perhaps some exceptions of 
the unknown quantity or quantities which it contains. 
Examples of identities are 

ix ~r lA = X- -r 2x — 1, 
sin- 6 -f cos- = 1, 

cos(6 + 9) = cos 9 cos o — sin 9 sin 0. 

The equations f which we shall consider in this chapter 
are conditional equations, identities having already been 
considered in various places throughout the book. 

Trigonometric equations require, for a complete solution, 
general expressions such as A) or (2) in section 92 of the 
preceding chapter. However, the equation is sometimes 

For example, the identity tan 5 ~ sin ^. cos d is not defeied for values of 

such as X, 2, which make the denominator of the right-hand side equal to 
zero. 

t It is customazy to omit the qualifying adjective, and to refer to a con- 
ditional equation merely as an "'equation.” 

177 
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considered sufficiently solved if all positive values of the 
unknown quantity less than 360° are obtained, or if the 
principal value of an inverse function' is obtained. 

There is no general method of solving trigonometric 
equations. If the equation contains a single function of an 
angle, solve for this function by appropriate algebraic 
methods, and then find the corresponding values of the 
angle. If more than one function appears in the equation, 
the equation should ordinaril)' be transformed so that it 
contains only one function, or into a factored form so that 
each factor contains only one function. 

When the equation involves functions of different angles, 
such as 6, 26, 1-6, 6 -t* 45°, it can sometimes be reduced to an 
equivalent equation which contains but a single function 
of a single angle, or to an equivalent equation which can be 
separated into factors each of which contains a single 
function of a single angle. 

As in algebra, the test for each solution of an equation 
is to substitute it in the original equation to determine 
whether it satisfies the equation. 

Some of the methods of solving trigonometric equations 
will be illustrated by examples. 

Example 7 . 

Solve the equation sin 6 = cos 6. 

Solution. Divide both sides by cos 6\ * 


tan 0=1. 

The principal value of B is 45°. The two positive values of 6 less 
than 360° are 45° and 225°. The complete solution is 

6 = 45° -f- n • 180°, or 0 — j + ot; n = 0, =hl, dh2, • • *. 

* When both sides of an equation are divided by a quantity containing the 
unknoiirn, this quantity should be set equal to zero to obtain possible solu- 
tions. If we set cos 0 = 0, we get 9 = 90®, 270®, * • However, these 
values are not solutions of the equation sin 5 = cos 
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Tlib equal iua can al-u >ulved l)y ^ l^y 

i: vT — '^m^' and squaring Ixnh -ides: 

sin- 0 = 1 ~ sin- $y 
2 sin* ?? r= 1, 

sin $ = d:-~~ 1 
\ 2 

e = 45^ 13o% 225\ 315^ > • ■. 

If this method Is u,-ed, all the valuts- obtained must lie tested. It 
will be found that Idfr and 313“ da nut satisfy the tjriginal equa- 
tion. They are extraneous solutions introduced by squaring, and 
must be discarded. 

Example 2 * 

Solve: cos- ^ -f 2 sin ^4-1 = 0. 

Solution. Replacing cos- 0 by 1 — sin- 9. we get, after a slight 
simplification, 

sin- 9-2 sin 9-2 = 0. 

This is a quadratic equation in sin 9; solving it by the quadratic 
formula, find 


= 1 rfc 1.73205 = 2.73205 or -0.73205. 

The first value must be discarded, since the sine cannot be greater 
than 1 ; from the second w^e get two values of 9 between 0° and 
360®, viz., 


9 = 180® + 47® 3.5' = 227® 3.5', 
9 = 360® - 47® 3,5' = 312® 56.5'. 


The general solution is given by 

f227® 3.5' -f n • 360®, 
1 312® 56.5' + n • 360®; 


n 0, dbl, ±2, 
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Example 3 - 

Solve: 2 sin- 6 — cos 26 = 0: 

Solution. Replace cos 26 by 1 — 2 sin= 6, and combine like 
terms: 


4 sin- 0—1 = 0, 
sin d = 

0 = 30^ 150°, 210°, 330°, • • *. 
The general solution may be written in the form 

e = n - 1S0“ ± 30“ = ftw ± f • 

6 


Equations of the form a cos 0 ± 5 sin 0 = c can be solved 
by reducing the left side to one of the forms r sin(0 dh 
r cos(e zb 4>). (See section 76.) 


Example 4, 

Solve: 


3 sin 0 — 4 cos 0=1. 


Solution. Divide both sides by VS- + (— 4)^ = 5: 

f sin 0 — f cos 0 = -L = 0.2. 
If 4) Ls an angle such that (see Fig. 89) 
cos (p = 

then (3) takes the form 



sin 6 = f, 


or 


sin 0 cos Q — cos 0 sin <?> = 0.2, 
sin(0 — (^) = 0.2. 


( 1 ) 

( 2 ) 


But from (2). using tables, we find <j> = 53“ S'. Therefore 

sin{e - 53“ S') = 0.2, 

9 - 53“ 8' = 11“ 32', 168“ 28', • • -j 
9 = 64“ 40', 221“ 36', • • •. 
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particularly 


It IS 


^^ umbers 
ne loga- 


onuution could be :-ulvcd by mafeug ^ ^^^^^titution 
^ luu! following the for solv- 

•r.;: radical canarlor^^ ir. alur-i.ra. ;Ct. example method.) 
Thi.-. Lowever. ir.trodv..-!-.' t x:ra::eous solutions. 


EXERCISES XII. A 


Solve the fftliowir-.g e(juaiion.s: 


1. 2 co>- f - ^iv.- S = 2. 
3. tar. v — I'ot 5 = 2. 

5. sec e = 4 CSC 4. 

*J 2v COS S — ib 

9. -^ird ^ = 1 - sin 2^. 
11. sin 29 — 2 cos 2-^ = 1. 
13. sin 2^ == cos 39. 


2. 2 cos- 9 + 3 sin 0 == O' 

4. sin 9 = 2 cos 6. 

6. cos 20 + sin 0 = 0. 

8. sin 20 = 3 sin^ 0 - cos^ 0. 
10. tan- 0 = sin 20. 

12. 4 sec- 20 + tan 20 = 7. 


,'^OLUTiox Sin 20 = cos 30 — siii(90 30) 


Now if sin 0 = sin 6. it foliows tiiai either 
p ^ p 4. r, • 360 - or 9 = I SO' <p -j- n - 360 ^. 


In the present case, therefore, 

^ QO® - 30 -h n • 360^ or 20 = ISO® — (90® — 30) 
^ + n • 360®. 

The first equation ^fields 

50 = 90® -f n • 360®, 0 = IS® d- n • 72u 

The second can be reduced to 0 = 2^0® -r ' 360 . 

14. sin 0 = cosi® -r 15"). 

16. sin (9 -r 10") = cos 19 - -10^) 

16. .¥in(1.5° - 29) = cos(79 10'). 

17. tan 58 = cot 39. 

18. tan(9 -f 25') = cot 29. 

19. tan(29 — 1S°) = eot(39 + 4S'’). 

20. cos 9 + cos 29 -f cos 39 = 0. 

21. CSC 29 + cot 29 = 2. 
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22. sin 2^ cos 20 = —2 sin 6. 

23. sin 0 + cos 0 — 1. 

24. 5 cos 0 + 12 sin 0 = 4. 

25. 3264 sin 0 -- 572S cos 0 = 6018. 

26. 0.1723 cos 0 + 1.3284 sin 0 = 0.8492. 

27. v^3 cos 0 — sin 0 = V2. 

28. CSC 0 = cot 0 + 

29. 2 sin= 6 -f 20 == 2. 

30. tan^ 0 4- cot- 0 = ^. 

31. cos 30 ““ 2 cos 20 + cos 0 = 0. 

32. sin(0 + 12=) + sin(0 - S'^) = sin 20®. 

33. sin* 0 — cos* 0 = 

34. sin* 0 + cos* 0=1. 

36. sin 30 = cos 20 1. 

36. 3 4 COS- 0 = cos 30. 

37. sin(60° - 9) - sin(60° + 9) = 2^ ■ 

38. tan(0 + 15=) = 3 tan(0 - 15®). 

39. Solve the following simultaneous equations for r and 0 in 
terms of x and 7j: 

X = r cos 0, 

2 / = r sin 0. 

40 . Solve the following simultaneous equations for r, 6, <j> in terms 
of Xj z, restricting r to positive values: 

X = r sin 0 cos 
y ^ r sin 0 sin 
z — r cos 0. 

Solve for 0 and 

41 . sin 0 — sin ^ = 0.7038, 42 . cos 0 + cos ^ + i = 0, 

cos 0 — cos ^ = —0.7245. cos ^0 + i cos J = 0. 

43. sin 0 = tan 4>, 44 . sin 0 + sin < 5 & = a, 

cos 0 cos (p = eos 0 + cos <t> = h, 

46. Solve the equation eos :c = (a: in radians). 
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SoLi'TioN. Draw .lira 
00, The valia- o* x for ’ 
-eet D the Hjlutieii of tiie 
equation. Aet^uriiing to the 
graph, thi.^ value is a|>- 
proximateiy x = 0.74, 
about 42® 24h 

A liiure aeeurate value 
may lx- ui. Gained Iw writ- 
ing the t-qiiatioii in the 
furni eus x — x = 0, and 
eiiiployiug interp>oiation. 
Tabulating for several val- 
ues of X. we get tlie result.- 


:>h- of // = eo»- X and y x. 
vtAf^h T]i‘-rurvoand inter- 



shown below. 



X 

COS X 

cos X — JC 

42=20' 

.73S8ti 

.73924 

.00038 f 

. 42= 2r 

.73915 

.73904 

-.00011 * 

1 42= 22' 

.73944 

.73885 

-. ai 059 ' 

'■ 42® 23' 

.73973 ' 

.73865 

, -.00108 

i 42 ® 24' 

.74002 

.73846 

-.00156 


Since w’e w'ant the value of cos x ~ x to 1x3 zero, the re- 
quired value of X is between 0.73SS6 and 0.73915. Using the 
ordinary methods of interpolation, we have 


X - 0.73886 0 - 0.0003S 

0.73915 - 0.73SS6 - 0.00011 - 0.00038 ' 

0.73886 38 

6.0)029 49 

from which we get 

X = 0.73886 -b ft X 0.00029 
= 0.73886 -f 0.00022 = 0.73908. 

By means of more extensive tables, the \'aliie correct to 
five decimal places is found to be 0.73909. 
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Solve the following equations, in which i is to be expressed 
in radians: 

46. cos X = 2x. 47. sin 2 = i - 1. 

48. sin / = - • 49. tan 2 = 1 - z. 

2 

50. sin 2 = logio 2 . 51. cos 2 = 2 I 

52. logio 2 + 2 = 0 . 53. 2 = 2 + JT sin 2 . 

TT 

64. 2 = 1 + j sin 2 . 55. 2 = sin 2x. 

b 

66. 3* = 2 cos 2 . 57. sin 2 = 10''. 


68. A horizontal cylindrical tank is 10 feet long and 4 feet in 
diameter. It contains 10 gallons of liquid. How’ deep is the 
liquid? (1 gal. = 231 cu. in.) 

Some of the follo'ning equations are conditional, some are 
identical. Solve tiie former, prove the latter. 


rn S , 

59. r-r = 1 - COS d. 

1 + cos 

fin 1 • . 

00. - - - - - - - = 1 - .sin 1 

1 + sin d 


61. cos 2S T sin 2S = (cos 8 2 sin^ 8. 

62. cos 25 + sin 25 = (cos 5 + sin 5)- - 2 sin- 5. 

63. cot ^5 = cot 5(1 + see 5). 

64. CSC 25 + 2 tan 5 = 3. 


66. 2 CSC 25 - tan 5 = cot 5. 
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95. Imaginary and complex numbers. 

The imaginary unit, denoted by is a number having the 
property = —1. We postulate that it olx^ys all the laws 
of addition and multiplication assumed for real numbers. 

it is seen that the successive integral powers of f run through 
the cycle C — i, — 1. 

A number of the form a -f hi. in wiiich a and b are real 
numbers, is called a complex number. The number a is 
called the real part, and bi is called the imaginary part of 
the complex number, b being the coefficient of the imag- 
inary part. If b ^ 0, the complex number is called an 
imaginary number. If 5 0 and a == 0, the complex num- 

ber reduces to the form bi. w'hieh is called a pure imaginary 
number. If both a and b are different from zero, the num- 
ber is sometimes called a mixed imaginary number. If 
5 = 0, the complex number reduces to the real number a. 

Two complex numbers such as a + M and a ~ 5i, wffiich 
differ onh’ in the signs of their imaginary parts, are called 
conjugate complex numbers. Either is said to be the con- 
jugate of the other. 

Tw’o complex numbers are equal if and only if thek real 
parts are equal and their imaginary parts are equal. In 
particular, a + 52* = 0 if and only if a = 0 and 5 = 0. 

96. Operations with complex numbers. 

By definition, addition or subtraction of complex num- 
bers is effected by adding or subtracting their real parts to 

185 
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obtain the real part of their sum or difference, and by add- 
ing or subtracting their imaginary parts to obtain the 
imaginary part of their sum or difference. Thus, 

(a + bf) -f {c + di) = (a + c) + (6 + d)i, (1) 

(a + bi) — (c + di) = (a — c) + (5 ~ d)i. (2) 

We multiply complex numbers according to the laws of 
real numbers, simplifying results b3" making use of the 
relation P = —1. Thus, 

{a + bi){c + di) = ac + adi + hd + hdP 

== {ac — hd) + {ad + hc)i, (3) 

Division of complex numbers can be accomplished by 
writing the quotient in fractional form and multiphdng 
both numerator and denominator by the conjugate of the 
denominator. Thus, to di\dde a + hi by c + di (c and d 
not both zero) we write 

a -j- bi _ a + bi c — di __ ac — adi + hd — hdP 

c + dz c di c — di cr — dPP 

_ {ac + hd) + {he — ad)f 

( 4 ) 


97. Geometric representation of complex numbers. 



The complex number x + yi 
may be represented b^" the point 
whose abscissa is x and whose 
ordinate is y. (See Fig. 91.) ^^Taen 
complex numbers are so repre- 
sented, the horizontal axis is 
called the axis of real ntmibers, 
and the vertical axis is called the 
axis of imaginary numbers. 


Fio. 91 
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98 . Geomefric addition and subtraction of complex 
numbers, 

Tht' foinplox num- 
-T and c U: la* 
represented by the points 
M and .V re<pe('tively. and 
I h e i r sum, ; ^ : -a 

h — d by the point P. 

..See Fig. 92. !')ra\v OM. 

OX, MP, XP, Drop XQ. 

MR, PS perpendicular to 
OX, Draw MT parallel to 

nV TKnrj 

j/r = i?S = OS - Oi? = .0 - -- II - c - OQ, 

TP = SP - ST = lb -f d: - b - d = QX. 

Also, angle TPM is equal to angle QXO, and MP is paral- 
lel to OX, Quadrilateral OMPX i^ a parallel aram. since 
two of its sides are both equal and parallel. 

Thus, to add two complex hiunben^ geomtirically, eoinpleie 
ike paralleloffram ickich has as adjacent sides Ike lines drawn 
from the origin to the points representing Ike two numbers. 
The fourth vertex of the paralklografu itiil be Ike point repre- 
senting the sum of the two iiumbers. 

If we think of the complex numbers a 4- bi and c -f di 
as represented by the vectors OM and OX in Fig. 92, the 
sum of the numbers will be the vector OP. K<ee section 67.) 

To subtract c + di from a + hi geometriealh;, we may 
add a + bi and — c — di. 

EXERCISES XUL A 

Perform the indicated operations geometrically: 

1. (2 "f- 5 j) "f* (6 4" 0* "t” 4(t) "T* ip 2'!). 

3. (5 + 30 - (3 - 20. 4. (-4 4- 20 -f (3 -f of). 

5. (30 + (6 + 20. 6. (50 + (6). 
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7. 

(5) - (0 ■ 

— i i}. 

8. (1 + 20 

+ (3 + 

GO. 

9, 

(-6-rO 

+ ( 74 - 20- 

-!■ 

d 

- (1 + 

20- 

11. 

(7 -f 5:') 

4- (7 — oi). 

12. (7 4- oi) 

- (7 - 

5? ) . 

13. 

(-5 - 5; 

0 4- no -f 30 

14. (S 4- 60 

- (4 -f 

60. 

16. 

(-3 + 2^ 

0 4_ i3 - 70- 

16. (5 -r 72 ) 

4- (5 + 

70. 

17. 

(10 -i- 20 

4- (~2 4- 50 

1 d- (3 - 40- 




Suggestion. Combine the first two numbers graphically, 
and then combine their sum with the third. 

18. (5 4 - Qi") - 4 - — 22 ) — (4 — Ti). 

19. Given the complex numbers 10 — 4i, o + oi, 1 — Gh Show 
that the same result is obtained by geometrically (a) adding 
the first and second and then adding their sum to the third, 
(b) adding the first and third and then adding their sum to 
the second, (c) adding the second and third and them adding 
their sum to the first. 


99. Trigonometric form of complex numbers. 

Let the complex number x + yi be represented by the 
point P in Fig. 93. As usual, let OP = r (a non-negative 
number), and denote the angle XOP by 6. Then, 

0 * = cos dj y — T sin B. (1) 

and the complex number may be written 

r(cos 8 d- 2 sin ^), ^ (2) 



Fig. 93 


which is called the trigonometric 
or polax form of the complex 
number, the form x + yi being 
called the rectangular form. The 
expression cos d + i sin B is some- 
times abbreviated cis B. 

In the trigonometric form (2), 
T is called the modulus or the 


absolute value of the complex number, B is called the 


amplitude or the argument. We have 


r 


tan ^ == “ • 

X 


(3) 
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Exampia h 





SOLUTION'. 



R 

1 - 3 

= 2 


\ 

\ 3 _ _ 

■\'i ^=120=, 


y:.' 

-i f%-'3 = 2 12^ 

f - i An I20=). 


F;g. 95 

EXERCISES XUI. B 




i'iOUiic,' ?<.; t ri^un< jnic* ric ^ 


i. 

— 5 4" 5n 

2. 3 - 4f. 

3. % 3 -f 4 

4. 

6 — 6:. 

5. 3 - 44 

6. 5 4“ oiVZ. 

7. 

Of. 

8. ~i0. 

9. -S - 154 

10, 

12 - of. 

11. 2 -4 3:. 

12, 12 4. 54 

13. 

5 — 2, 

14. -5:'. 

15. —7 — 74 

16. 

6 - 6n 

17. 0 - S4 

18. ~2v3 4-2f 

19. 

-7 - 2f. 

20. 10 - $f. 

21. 1 -f 44 


R(‘di:ee to rectansuliir 

22. 2.eo< 60' -r ? 6l/";. 

24. 7., CO.- 30' -r i -dn 30'\ 
26. 4 ;cgs 330^ -r f ^in 330=). 

23. ofcos 1$0= -r ^ ^in 1S0=\ 
30. S': CO.- 150= -i- : sin 150=\ 
32. \ '3 : cos 210= T I 210' 
34. S:co?100=- ?sinI00=;. 
36. 2(cos300=4- fsin300=;. 


:cm:: 

23. olcv< 45= “4 / ?in 45=) . 

25. Siscos 225= -r i s^iii 225=) . 

27, 10(cos 90= T 2 sin 90=). 

29. 4(eos 270= - f ^iIl 270=). 

31. v'5(co< .315" - : -in 315°) 
33. 10;cos{— 35= :-i-E sinf — 35=}j. 
35. 5ico.s 200= - : sin 200=), 

37. 10f:co5 400= - I sin 400=), 
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100, Multiplication and division of complex numbers in 
trigonometric form. 

A very interesting result is obtained if two complex 
numbers expressed in trigonometric form are multiplied 
together. Thus, 

fiCcos f sin di) X Toicos do + i sin ^2) 

= rir2[(cos di cos 0-2 — sin ^1 sin 62) 

+ 2'(sin 0 i cos $2 + cos ^1 sin ^2)] 
= rir 2 [cos( 0 i + do) + i sin(^i + <92)]* ( 1 ) 

Therefore; the product of two complex numbers is a complex 
munber whose modulus is the product of the moduli of the 
numbers j and whose amplitude is the sum of their amplitudes. 

It can readih' be seen that this holds for the product of 
any finite number of complex numbers. 

If one complex number is divided by another,* we have 

rifcos di + i sindi) _ ri(cos ^1 + i sin Bi) cos $2 — i sin 62 
'»*2(cos Bo + i sin ^2) r2(cos 62 + i sin 6^ cos 6^ — i sin 62 

— di cos 6 2 + sin sin ^2) + t(sin 61 cos 82 — cos Bi sin ^2) 

r2(cos“ 62 + sin- do) 

- — [cos(^i — ^2) + i sin(^i — ^2)]. ( 2 ) 

7*3 

In words, the quotient of two cmnplex numbers is a complex 
number whose modtdus is the modulus of the dividend di- 
vided by the modulus of the divisor , and whose amplitude ts 
the amplitude of the dividend minus the amplitude of the 
divisor. 


EXERCISES Xni. C 

Perform the indicated operations, first reducing the num- 
bers to trigonometric form (if necessaiy) : 

1 . 3 (cos 40 ° 4 - i sin 40 °) • 5 (cos 70 ° + i sin 70 °). 

2 . 2 (cos 200 ° 4 i sin 200 °) - 6 (cos 300 ° 4 - i sin 300 °).- 


* The divisor cannot be zero. 


♦ tos ROOTS OF COMPLEX NUMBERS %9t 


3. 


2‘ 

4. -3 

-4 

3’U:i 

5. 

70”' ! • 

dii 70"^ - 2 

10® -i- i 


4lfh 

6. 

lOicos 20® = 

'MU 20- < ‘ 

.■) om- 7lr 4” 

i -1’ 

i: 70®'. 

T. 

(3 4“ 3i\ 3 -r- 

; % 3 — f 

8. f-. 

j 

■ 52% -- 3 - 30. 

9. 

(6 - m - t- 

-2 2i\4 

l. 10. i -i- i 

i -y n ^ /%^). 

1 01 . Powers of 

complex 

numbers. 




Raising to a power is a 

spt'fial 

tif 

multiplication, and 

it 

follows, by a 

rejx*ated 

applicafioii 

t.f 

. 1 i of scHiion llM'K 


that 


[r(cos ^ + I sin 0)]” = r”^cos n0 -f i sin 

where n is a positive integer. The foregoing relation is 
known as De Moivre^s theorem,'*' 

Examples 

Find the value of (1 + f)^. 

Solution. Plot tlie complex number 
1 -j- i (Fig. 96). The absolute value is 
and the amplitude is 45®. 

(1 + ly = {V2(cos 45® + f sin 45®}]^ 

= 4 V5(cos 5 • 45® 4“ I ^in 5 - 45®) 
= 4V2(cos 225® + i sin 225®^ = —4(1 -I- f). 

102. Roofs of complex numbers. 

To prove De Moivre's theorem for the case in which the 
exponent is the reciprocal of a positive integer, take the 
expression 

[r(cos 6 4- i sin = rT'”(cos 6 + i sin (1) 

* A formal proof of the theorem can be effected by the process of mathe- 
mati<ml induction. For an explanation of this process, see the authors 
CoUeffe Algebra, Chapter X. 



Pig. 96 
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Let B = n4^. Then ilie right side of (1) reduces to 

r^^'”(eos n<i> + i sin = r’^'^[{cos <p + i sin 

^ r^^’”(cos 4> + i sin p), 
or 

[r(cos 6 + i sin ” = r^'”^cos — + / sin (2) 

Since for any whole number k, 


cos{B + k * 360") = cos 0, sin(d + k • SGO"") = sin 6. 
we have 
[r(cos 6 + i sin 

= [r^ cos(e + A- • 360°)+ i sm(d + k • 360°) J 



d + k^ 360° 

71 


+ i sin 


e + k> 360° 

71 


)■ 


(3) 



Fig. 97 


By giving values to k from 0 to n ~ 1 in- 
clusive, we obtain 7i distinct roots of the 
number rfcos 6 + i sin d). 

Example. 

Find the fourth roots of — 1 — fV3. 

Solution. Plot the number — l — f-v/s (Fig- 
97) and note that 


-1 - iVZ = 2(cos 240^ + i sin 240°), 


(-1 — iV3)^ = 2^^eos ~ 


240° + k - 360° , . . 240° + 
h I sin — 


k ■ 360° ^ 


4 . 4 

= v^2 cos(60° + k • 90°) + i sin(60° + k • 90°). 


Gi\’ing k successively the values 0, 1, 2, 3, we find for the four 
distinct fourth roots of —1 — iVS: 


S^2(cos 60° + i sin 60°) 



-hv2 + 5^18, 


= ^2( 
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\ 'J c'3 > i liK)*') 



In Fig. OS, P repre^^ents tho complex number 2(eo.< 240® 
4- I An 240®}; Pi, P^, P-. rei>- 
resont the four rooT> whu>e am- 
plitudes are 60®, 150®, 240®, 330®, 
respectively. 

Note that the roots can be found 
geometrically as follows: Draw a 
circle with center at tlie origin and 
with radius equal to the numerical 
fourth root of the absolute value 
of the number whose fourth roots 
are to be found, that is. a radius 
equal to ^ 2. Take one-fourth of 
the amplitude of the original num- 
!>er X 240® = 60®). This locates the jx)iiit Pi on the circle. The 
four roots all lie on the circle and are spaced at equal intervals 
of 90®. Thus we can find Ps, Ps, Pa- 

In general, the nth roots of the complex number r(cos ^-|-f sin 9) 
can be found as follows: Draw" a circle whose center is the origin 
and whose radius is the numerical nth root of r; divide the angle 0 
by n, the index of the root. Xow divide the circumference of the 
circle, from 9 n to 9 n -t- 360®, into n equal parts. The n points 
of division will be the required roots. 

EXBRCiSES XllU D 

Use De Moivre^s theorem to raise to the indicated powders: 

1. [7(cos 18 “ + i sin 18 “)]^ 2. [vf (cos 20“ + i sin 20“)]>. 

3. (1 -f lyo. 4. + iy. 
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6. (5 - 50'. 6. [\/2(cos 100“ + i sin 100°)]“ 

7. (cos 22“ + { sin 22“)l 8. 0 + 

9. 10. [2(cos 10“ + i sin 10“)]-> 

11. (10(cos 70“ + i sin 70“)]-«. 12, (1 + 0"“. 

Find all of the 

13. Square roots of 9(co.s 80“ + i sin 80“). 

14. Square roots of 4(eo.s 100“ + i .sin 100“). 

16. Cube roots of 27 (cos 27“ + i sin 27“). 

16. Square roots of 1 4- iV§. 

17. Cube roots of 1 + iVS. 

18. Cube roots of - V3 + i. 

19. Cube roots of 1. 

ScGGESTIOX. 1 = cos 0“ + 1 Sin 0“. 

20. Fifth roots of —1. 

21. Sixth roots of —82. 

22. Cube roots of -2 4- 3f. 

23. Fifth roots of -4 - 47. 

24. Seventh roots of V2{1 — 7). 

Obtain all of the roots of the following equations: 

26. 2® - 1 = 0. 26. 2« 4- 1 = 0. 27. 2' 4- 1 = 0. 

28. 2‘ 4- 32 = 0. 29. 2' - 167 = 0. 30. 2^ - 1 = 0. 

31. 2' 4- 4- a:- 4- X 4- 1 = 0. 

ScGGESTiON. Multiply by 2 — 1, solve the resulting equa- 
tion, and discard the extraneous root 2 = 1. 

32. 2' - 2^ 4- 2“- - 2 4- 1 = 0. 


SPHERICAL TRIGONOMETRY 




CHAPTER XIV 


Introduction to 
Spherical Trigonometry 


103. Definitions and propositions from solid geometry. 

The iiiter^eeiion of a plane with a sphere is a circle. If 
the plane passes through the center of the sphere, the inter- 
section is a great circle; otherwise the intersection is a 
small circle. Obviously the radius of a great circle is equal 
to the radius of the sphere, while the radius of a small cir- 
cle is less than the radius bf the sphere. 

A line through the center of the sphere perpendicular to 
the plane of a circle is called the axis of the circle. This 
a.xis pierces the sphere in two points, which are Called the 
poles of the circle. 

The shortest distance in space between two points on a 
sphere is the straight line joining them, but this line does 
not lie on the surface of the sphere. The shortest path on 
the sphere between the two points is the arc (not greater 
than a semicircle) of a great circle joining the points. The 
distance ion the sphere) between the two points is defined 
to be the length of this arc. This distance is usually ex- 
pressed in angular units, and is equal to the angle which 
the arc subtends at the center of the sphere. However, it 
can be converted into linear units if the radius of the sphere 
is knowm. 

104. Spherical triangles. 

A spherical triangle is that part of the surface of a sphere 
bounded by three ares of great circles.* Like a plane tri- 

* That part of. the surface of a sphere bounded by the ares of two g^eat 
circles is called a lune. 
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angle, it is composed of six parts — three sides and three 
angles. We shall ordinarily designate the angles by A, B, G, 
and the opposite sides by a, 6, c, respectively. 

To each spherical triangle there corresponds a trihedral 

angle whose vertex is at the 
center of the sphere. A spheri- 
cal triangle, with the corre- 
sponding trihedral angle, is 
illustrated in Fig. 99. In this 
figure, 0 is the center of the 
sphere. The sides of the spheri- 
cal triangle are measured by 
99 the corresponding face angles 

of the trihedral angle. Thus, a is measured by BOC^ b is 
measured by AOC, c is measured by AOB. 

The angles of the spherical triangle are measured by the 
corresponding dihedral angles of the trihedral angle. For 
example, angle A is measured by the dihedral angle whose 
edge is OA, namely B-OA-C. 

This follows if the angle A of the spherical triangle is 
defined as the angle between the tangents at A to the arcs 
AB and AC, since the angle between these tangents is the 
plane angle of the dihedral angle. 

It is possible to have spherical triangles with one or 
more sides or angles greater than 180®. How^ever, we shall 
consider only triangles for which each side and each angle 
is less than 180®.* For such triangles, the sum of the sides 
is less than 360®, and the sum of the angles is between 180® 
and 540®; that is, 


a + b + c< 360®, 

180® < A + B + C < 540®. 


( 1 ) 

( 2 ) 


* Note that even with this restriction it is possible to have a spherical 
triangle with two, or even three, right angles. A spherical triangle having a 
right angle is called a right spherical triangle, one ^ith two right angles is 
said to be birec t a ng til ar , while one with three right angles is called trirec- 

tfltigitlflr - 
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The amount by liir >uin in \ he ande> of a >pherictil 

iriaiuile exiavd- IN.)' i> f/ulk^d the spherical excess of tlio 
triaiigie. That is. if E donut e> tlie splkadi/a! oxees>, then 

E-=A-B-rC - lsl)k bT 

TU sum arrj tmo sides is greaUr than the third siik. 
und iieir difere^tce is Uss than the tidrd side. 

If tico sides are iqiinl. the anghes oppesiU: are equal. 

If tirei angles are eqnaL H^e sjeles opposi-e are equal. 

If iivo sides are uetq'jal, the angles apposite are unequal, 
and the greaftr (Uigle is opposik the greakr sidy. 

If tiro angles are iinequu!. the sides opposite are unequal, 
and the greater side is opposite the greater nnglt. 

105. Spherical polygons. 

A spherical polygon is that part of the surfa(*e of a sphere 
}}ounded by three or more ares of great circles. To every 
spherical polygon there corresponds a polyhedral angle 
whose vertex is at the center of the sphere. The sides of 
the polygon are measured by the corresponding face angles 
of the polyhedral angle, and the angles of the polygon are 
measured by the corresponding dihedral angles of the poly- 
hedral angle. 

A spherical polygon of n sides can be divided into n — 2 
triangles by drawing diagonals from one vertex. The sum 
of the excesses of these triangles is equal to the sum of the 
angles of the polygon less \n — 2i • ISO'. This difference 
may be called the spherical excess 
of the polygon. 

1 06. Polar triangles. 

With the vertices of a spherical 
triangle AJ5C as poles, construct 
three great circles. The great circles 
whose poles are B and C \tdll inter- ^ 
sect in two diametrically opposite Pig. too 


A' 
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points. Denote by A' that point of intersection which is 
on the same side of BC as is A. Determine B' and C' simi- 
larly. Then A'B'C' is the polar triangle of ABC. ^See 
Fig. 100.) Com-ersely. ABC is the polar triangle of A’B'C. 

Each angle of a spherical triangle is the supplement of the 
corresponding side in the polar triangle. That is, 

A+a' = 1S0=, B + b' ^ 180°, C + c' = 180% 

A' + a = 180°, B' + b = 180°, C' + c = 1,80°. 


107. Areas. 

The area of the surface of a sphere of radius R is ixB-. 

The area of a spherical triangle on a given sphere is 
proportional to its spherical excess. Since the area of a tri- 
rectangular triangle (whose excess is 270° — 180° = 90°) 
is one-eighth of the surface of the sphere, that is, i • 4x5^ 
= iirR-, we have for the area of a triangle ABC, 


or. 


area 

ijri?' 

area 


F 

90 

irR^E^ 

180 


( 1 ) 


This formula applies to any spherical polygon pro\dded 
the excess of the polygon is defined as in section 105. 

A spherical degree is a unit of surface measurement ori a 
sphere equal to half a lune whose angle is 1°. (For definition 
of lune see footnote, page 197.) The area, in spherical 
degrees, of a spherical triangle, or of any spherical polygon, 
is equal to its spherical excess.* 

* When the three sides of a spherical triangle are knoTO, the excess can be 
determined by L’Huilier’s formula, given here wthout derivation: 

tan iE = v'tan Js tan i(s — a) tan i(s — c), 

in which s ~ |(a -f h + c). 



CHAPTER XV 


Soiution of Right 
Spherical Triangles 


108. Formulas for solving right spherical triangles. 

In ¥hi. lul is re|)re>ented a right spherical triangle, ABC^ 
with the right angle at this will be the usual notation) 
and witli sides n and b each less than 00\ Also shown is the 

h 



trihedral angle 0-ABC associated with the triangle. 0 being 
the center of the sphere. 

Through any point E on the edge OB, pass a plane 
DEF perpendicular to the edge OA and intersecting this 
edge in D, Then DE and DF will be perpendicular to 
OA. 

From the various constructions it follows that the plane 
triangles OOF, ODE, OFE, DEE are right triangles, the 
vertex of the right angle being named as the middle 
letter. 

In triangle DEE, angle D is equal to angle A of the 
spherical triangle, and each of the other plane right tri- 
angles has an angle equal to one of the sides of the spherical 
triangle. 
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Making use of these facts, we have 


sin a = sin FOE 


FE 

OE' 


sin c = sin DOE = 


DE 

OE' 


Also, 
tan h = 


sin a _ FE 
sin c DE 


sin A. 


( 1 ) 


tan DOF = 
tan 


DF 
OD ’ 
b DF 


tan c DE 


tan c = tan DOE = . 

= cos A. (2) 


Similarly, 

tan a = tan FOE = i 


sin b = sin DOF = 


OF ’ 


tan a 
sin b 


F^ 

DF 


= tan A. 


(3) 


Finally, 

cos (1 = cos FOE = ^ • cos 5 = cos DOF = , 

Olid Ur 


cos a COB b = 


OD 

OE 


= cos c. 


(4) 


If the plane DEF had been constructed perpendicular 
to OB instead of to OA, we should have been led to results 
similar to (1), (2), (3), which can be obtained from these 
formulas by interchanging A and jB, a and h. They are 


sin b 
sin c 


= sin Bj 


tan a 
tan c 


~ cos B, 


!52^.tanB. (5) 

Sin a 


Note that when this interchange is applied to (4) the for- 
mula reverts into itself. 

From the foregoing formulas it can further be proved that 

cos asm B = cos A, cos b sin A = cos B, (6) 

cot A cot B = cos a cas b ~ cos c. (7) 

Collecting these numbered results, and clearing of frao- 



^ 109 NAPIER’S RULES ^3 


tioii5 when neee.<.^ary, wi* have the* ft)IIf,nvifig ten fyriiiulii> 
far the solution a! right sphericni! triangliAs: 


sin 

a 

•= sin 

c 

sin 

A, 

■85 

sin 

b 

- sin 

c 

sin 

B, 

9 

tan 

a 

== sin 

b 

tan 

A, 

lOi 

tan 

b 

= sin 

a 

tan 

B, 

Ai 

tan 

a 

= tan 

c 

cos 

B, 

il2J 

tan 

b 

tan 

c 

cos 


13 

cos 

c 

= cos 

a 

cos 

b, 


cos 

c 

= cot 

A 

cot S, 

15 

cos 

A 

== cos 

a 

sin 

B, 

16; 

cos 

B 

= cos 

b 

sin 

A. 

■,1T 


They have !>een derived for the ea.se in whieh each part 
of the spherical triangle ABC -'except the right angle is 
less than 90®. However, it can lx* proved that they hold for 
parts equal to or greater than 90®. 

109. Napier’s rules. 

The foregoing ten formulas may, by a clever device due 
to Napier, lx put into a form whieh is easily rememlxred. 




In the schematic triangle of Fig. 102 we have replaced -.1 
by the symbol co-A, meaning “ complement of AC and 
similarly for B and c* Note that angle C is omitted. The 
five parts may also be arranged in a circle, as in Fig. 103, 
and are consequently often referred to as circular parts. 

If in either of these diagrams any part is called the 
middle part, the two parts next to it are called the adjacent 
parts, and the other two are called the opposite parts. For 
example, if a is the middle part, then b and eo-5 are the 
adjacent parts, co-c and co-A are the opposite parts. 
Napier^s rules are: 

* It should be understood that Fig. 102 doas not repra^ent a triaugie. 
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L The sine of any middle part is equal to the product of 
the tangents of the adjacent parts, 

II, The sine of any middle part is equal to the product of 
the cosines of the opposite parts. 

As an illustration, let us take the part a. Rule I gives 

sin a = tan b tan co-B — tan b cot By 
which is formula (11). Rule II gives 

sin a = cos co-c cos co-A — sin c sin A, 
which is (8j. 

By applying Xapier’s rules to each of the five parts of 
the diagram of Fig. 102 or that of Fig. 103, we obtain all 
ten of the formulas (8) to (17). 

As a further mnemonic scheme we observe that the 
vowel i occurs in sine ” and “ middle,^’ the vowel a pre- 
dominates in tangents ’’ and adjacent of Rule I, 
while the vowel o predominates in “ cosines and “ op- 
posite of Rule II. 

110. Solution of right spherical triangles. 

If any two parts of a right spherical triangle (in addition 
to the right angle C) are given, the remaining parts can be 
found. However, it should be noted that sometimes no 
solution exists. (See example 2 later in this section.) 

The quadrant in which any required part terminates may 
be determined by noting the signs of the functions involved. 
However, if the unknowm part is determined from its sine, 
there are two possibilities for this part, the tabular value 
and its supplement, and consequently there are two solutions, 
subject however to the restrictions of the following theorems : 

Theorem I. In a right spherical triangle y any side and 
the opposite angle terminate in the same quadra?!!.. 

From equation (16), namely 

cos A = cos a sin 5, 

it is seen, since sin B is positive, that cos a and cos A must 
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nil- ^iirn. That i<. mA .1 in ihe same 

llie same result eaii J>e pn..)vt*d rVir and B. 
I'hlohem IL If afiij iiv > -f c,\ /Lr- 

d. -T -iunt quadrar-.:. "T d ‘ -■ /”?j ihe first 
q\uhn:e*: :f Pm ferreir^iU- dfhrin" qu*:drants, the 

'..jra :\t secuSiU 

Tiie proof follows dins:tly from ec|ua:iu:i 14 \ 

i*OS C — i'US 'I e»}^ b. 

For if any two of the functions eos a, cos 1% co- c have like 
the third is positive: if any two have unlike signs, the 
third is negative. 

The solution of a right sphoiicai irimigie eaii always be 
checked by the formula involving the three computed parts. 

Example 1, 

In a riglit spherical triangle = 90'a .1 = 69* 50.$', 
c = 72^ lo.T: fmd B. a, b. 


SOLUTIOX. 


.1 

OU’ oO.S' 




e 

72’ 15.4' 


sin a = sin c sin .4 , 

h..»g sin 

c 

'.‘.'.C^S4 — 

10 

log sin a = log sin c -f log sin A. 

log sin 

.1 

it.972.56 - 

10 


log sin 


9.95140 - 

10 



a 

63’ 23.8' * 


QQB. T = tan 5 cot c, 

log cos 

X 

9.5372:i — 

10 

log tan h == log cos A — log cot c. 

log cot 

e 

9.50511 - 

10 


log tan 

X 

t;.032:2 




h 

47= 7.0' 


cos c = cot *4 cot S, 

log cos 

c 

9.4So95 “ 

10 

log cot B = log cos c — log cot A . 

log COT 

A 

9.5t)4t>< — 

10 


log cot 

B 

9.9192S - 

10 



B 

60’ 17.7' 


Check. t sin a = tan b cot B, 

log tan 

6' 

0.03212" 


log sin a = log tan h -f log cot B, 

log cot 

A 

' 9.9192S - 

10 


log siii 

a 

9.95140 - 

10 


* The supplementary’ value is not admissible, since, by Theorem I, a and 
A must terminate in tlie same quadrant. 

* This check verifies the consistency of the logarithms^ but does not prove 
that the angular quantities are correct. 
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Example 2, 

Solve the sphencal triangle C = 90°, A — 120°, a = 100°. 

Solution. 120° 

100 ° 

sin 6 = tan a cot .4, log tan a 0.75368 (neg) ' 

log sin b = log tan a+log cot A . log cot A 9.76144 — 10 (neg) 

log sin h 0.51512 

No solution. impossible 

Example 3. 

Given C = 90°, B = 36° 42.2', h - 30° 17.5'; find the remain- 
ing parts. 

Solution. B 36° 42.2' 

30° 17.5' 

sin a — tan b cot B, log tan b 9.76654 — 10 

log sin a = log t an 5 + log cot B , lo g cot B 0 . 1 2757 

log sin a 9.89411 — 10 

61° 36.6' or 128° 24.4' 

sin 6 = sin c sin B, log sin b 9.70278 — 10 

log sin c = log sin 5— log sin B. log sin jB 9.77646 — 10 

log sin_c 9.92632 — 10 

67° 33.6' or 122° 26.4' 

cos B — cosh sin .4, log cos B 9.90403 — 10 

log sin A log cos h 9.93624 — 10 

= log cos B — log cos 5. log sin A 9.96779 — 10 

68° 12.2' or 111° 47.8' 

Check, sina = sine sin A, log sin c 9.92632 — 10 
log sin a == log sin c+log sin A , log sin A 9.96779 — 10 

log sin a 9.89411 — 10 

By Theorems I and II, the obtained values are grouped into 
the following two solutions : 

A = 68° 12.2', a = 51° 35.6', c = 57° 33.6'; 

A' = 111° 47.8', a' = 128° 24.4'. c' = 122° 26.4'. 


* The notation (fteg) indicates that the function is negative. 
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EXERCISES XV. A 

Find thf* itf ;hi- tnangk-s, iii caeh 

uf whiidi C = iWl'; 

1. .1 = siF lo.")'. f = 110= 4o.:r 

2. « = 130=30.0'. a = 114= 23.S’. 

3. B = 30= 42.5'. f = 112= 25.0'. 

4. .1 = 136= 5.2'. a = 110= IS.O'. 

6. .4 = 75= 15.0', B = 1.33= S.O'. 

6. a = 66° .59-5', 6 = 1.56° 34.3'. 

7. B = 154’ 44.3'. b = 1.56° 3.0'. 

8. .4 = 116° 32.4'. h = .50° 25.6'. 

9. B = 112° 19.7'. a = 77° 35.3'. 

10. a = 39° 46.3'. b = 62° ,30.6'. 

11. a = 130° 12.9'. e = 73° .5S.0'. 

12. -4 = 19° 15.3'. B = S.5° 33.0'. 

13. 6 = 26° 2S.7'. f = 61° 2.5.1'. 

14. .4 = 132° 15.6'. B = 47° 44.4'. 

16. a = 9S°S.l'. c = 77°41.9’. 

16. B = 124° 14.S'. b = 147° 1.5.2'. 

17. .4 = 25° 16.6'. a = 1S° 54.3'. 

18. .4 = 69° 2.4', a = 62° 12.S'. 

19. .4 = 75° 21.9', b = 14° 59.6'. 

20. B = 83° 56.7', 5 = 77° 21 .S'. 

21. Three concurrent edge? of a cube are OP, OQ, OR. Find the 
dihedral angle between the plane PQR and one of the faces 
of the cube. 

22. Show th.at if B = C = 90°, then b = c = 90°, and that .1 
and a arc indeterminate, but .1 = u. 

23. Show that if c = C = !K)°. tht'u either .4 = a = 1*0°, and 
B and 6 are indeterminatt . but B — b; or el.-?c B = b = 90°. 
and .4 and a are indeterminate, but .1 = a. 

24. Show that if G is a right angle and if 5 = c (and consequently 
each is a right angle), then B = 90°, and that .4 and a are 
indeterminate, but .4 = a. 

111. Quadrantal triangles. 

A quadrantal triangle is a spherical triangle having a side 
equal to 90°. The polar triangle of a quadrantal triangle is 
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a right triangle, which can be solved by the methods ex- 
plained in the preceding section. The parts of the quad- 
rantal triangle can then be obtained. 

For example, suppose we have given c = 90^, h = 50^^ 
= 70^. We know that 

a = 180" - c = 90", B' = 180" -b == 130", 
a' = 180" - A = 110". 

We then find A\ b\ c', from which the values of a, S, C are 
readily obtained. 

EXERCISES XV. B 

Solve the following quadrantai triangles (c = 90°) : 

1. a = 70° 7.8^ h = 52° 36.7'. 

2. C = 135° 33.7', a = 31° 30.7'. 

3. A = 118° 46.4', C = 100° 7.8'. 

4. B = 55° 47.1', C = 105° 9.5'. 

6, .4 = 102° 38.3', a = 96° 3.3'. 

6. A = 73° 45.4', h = 123° 36.1'. 

7. a == 106° 38.6', b = 36° 49.7'. 

8. .4 = 122° 39.7', a = 116° 52.5'. 

9. 5 = 63° 4.6', h = 69° 29.7'. 

10. a = 60° 39.8', h = 65° 52.4'. 


112. Isosceles spherical triangles. 

The great circle dra^m from the vertex of an isosceles 

spherical triangle to the 
midpoint of the opposite 
side divides the triangle 
into tw^o symmetric right 
triangles. The solution 
of an isosceles spherical 
triangle can thus be re- 
duced to the solution of 
a right spherical triangle. 

Example. 

Find the remaining parts of an isosceles spherical triangle m 
which the equal angles SiveD = E = 80° 27' and the side included 
by these equal angles is / = 76° 42'. (See Fig. 104.) 
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<1 >ij '1 1 H I )ra\v a | >f‘r|K‘miiouiar . F(tA niin t he vertex F to the 
DK. 1*1’- di’.'ith*.'' tlie triangle into two symmetric right 
DF(t and <iFE. For clarity, the first of these 
: ^ r. ri iraw!i at ih*- right in Fig. HM, and ha*s tx^n relettered 

>,.! that J. B, V replace D, F, G. r€\'^j'M^etiveiy. Then, in the tri- 
ABC, liave C ~ 90^, h = If. The logarithmic work 


li = in.i- b .-i!i .1, 

I? eo- B = loir eo^ b -t- log >iii .1. 


eus A = ran b eot r. 

lt)g eot c = log eos .1 — log tan b. 


d ; S0° 27'" 
b : 38^ 21' 

log eos 6 ^ 9.8t)445 — iq 
log sin A \ 9.99394 «- iq 
log B j 9.88839 — iq 
B I 39** 20.5' 
log cos A I 9.21987 ^ lo 
log tan b ; 9.89827 lo 
log COT c 9.32160 — 1C 
r ‘ 78*^ 9' 


R^’tiirjiing to Th(‘ isosceles triangle, we have 

F = 2/? = 2 X 39" 20.5' = 78* 411 
d = c - c = 7S® 91 

EXERCISES XV. C 

Solve the following triangles: 

1. d == C = 69^ 2.31 b = 93° 16.4'. 

2. B == C = 52° 36.7', b = 73° 58.01 

3. B == 112° 47.S', a = c = 99° 9.6'. 

4. a - c = 77° 7.71 h = 37° 30.4'. 

5. A = 153° 48.21 a == 145° 3.8', B == C. 

6. d = C = 77° 40.5', b = 52° 1.81 

7. d = B = 95° 5.11 C = 100° 10.81 

8. A = 58° 58.8', 6 = r = 63° 47.8'. 

9. A = 62° 1.51 a = c = 71° 59.3'. 

10. B = 72° 48.8', b = 64° 50.6', a = c. 

11. a -= 5 = c = 10°. 12. a = h = c - 80°. 

13. a = 5 - c = 100°. 14. d - B = C - 80°. 

16. d = B = F = 100°. 16. d = B = C = 170°. 
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17. Show that if each side of a spherical triangle Is 60° each an^p 

arecos I. 

18. Show that if each angle of a spherical triangle is 120° each 
side is arccos (-}). 

19. Show that if each side of a spherical triangle is 30° each angle 
is arccos (2\^ - 3). 

20. Prove that in an equilateral spherical triangle 

, cos a 
cos .i = , , 

1 t cos a 

21. Prove that in an equiangular spherical triangle 

cos A 

cos a , , 

I’-COSi 

22. In an isosceles spherical triangle the base is 63° 8.8' and the 
equal sides are 40° 4.4'. Find the perpendicular from the 
vertex to the base, also the perpendicular from one end of 
the base to the opposite side. 


CHAPTER XVI 


Solution oi Oblique 
Spherical Triangles 


113. Oblique spherical triangles. 

If iKi angle uf a >pherieal triangle a right angle tlie 
iriangle oblique. Fur the xjlmiou ef iirdiqiie >plierieal 
triangles, eertaiii fonnukts. analogous to those of Chap- 
ter \'II are needed, and we shall proceed to dt.H’ehjp them. 

114. Law of sines. 

Let *4 SC l>e any spherical triangle. Through the ver- 
tex C draw the arc of a great circle perf>4uuii(ni!:ir to the 




side c (produced if necessary ) at the point S. f See Fig. lOo.) 
Designate the length of this perpendicular CD by k. 

The foregoing construction fields two right spherical 
triangles, .4 DC and BDC, By Napier's rules we find 

sin h = sin a sin B, sin h — sin b sin .4. (li 

Equating the two values of sin /?. and dividing by 
.sin -;4 sin J5, we get 

sin a _ sin b 
sin A sin B 

211 


( 2 ) 
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Similarly, by drawing an arc through the vertex B per- 
pendicular to the side b, we can prove the relation 

sin (z sin c 

sirTZ ~ sin C w 

Combining (2) and (S), we obtain the law of sines for 
spherical triangles, 

sin a sin b sin c 
sin sin J? sin C 

That is, ike mies of ike sides of a spherical triangle and the 
sines of the corresponding opposite angles are in proportion. 

115, Law of cosines for sides. 

In Fig. 106, in which the eonstniction is the same as that 
in Fig. 105, denote arc AD by m. Applying Napier's rules 



to the right triangle BDC, we find, from either part of the 
figure, since cos(?n — c) = cos(c — m), 

cos a = cos h cos{c — m) 

= cos h(cos c cos m + sin c sin m). (1) 

From the right triangle ADC, we find 

cos 6 = cos h cos m, or cos m = (2) 

cos h 


and 


sin = tan h cot A, 
sin A = sin 5 sin A. 


(3) 

(4) 
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2 and in (1), we get 
i! ^ i*o.> t. ri» r !--— + sin c tan h cot *4 ) 

(a IS h 

= I* H h 4- sin c sin h cot -4, 

or. .-ui'Stitiiting the value of sin h from (4), 
i‘ 0 < a - eo.- e l%)> b -f i^in c sin b cos -4. 


Rearranging this formula, and writing the tw’o others ob- 
tainable from it !)y a eyelie change of letters,* we have 


cos a == cos b cos c 4* sin h sin c cos 4, (5) 

cos b = cos c cos a + sin c sin a cos B, (6) 

cos c == cos a cos 5 + sm sin 5 cos C. (7) 

These formulas are known as the law of cosines for sides. 


116 . Law of cosines for angles. 

Applying formula i5} to A'B'C\ the polar triangle of 
^ISC, we get 

cos a' — cos V cos c' + sin b' sin cf cos A\ (1) 

If we now make use of the relations between the parts of a 
triangle and the parts of its polar triangle, a ~ 180" — A, 
etc. (see section 106), and of the formulas 

eosilSO"" — 6) == —cos sin(180^ — 6} = sm0, 

i l l reduces to 

cos A = —cos B cos C + sin B sin C cos a. (2) 

Similarly, 

cos B = —cos C cos A + sin C sin cos 6, (3) 

cos C = —cos A cos B + sin 4 sin B cos c. (4) 


See section 54. 
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The three foregoing formulas constitute the law of co- 
sines for angles. 

The law of cosines, either for sides or for angles, together 
with the relations between the parts of a triangle and the 
parts of its polar triangle, is sufHeient for sohnng any spheri- 
cal triangle if three parts are given, since it is alwnys possi- 
ble to find a form of the law which involves the three given 
pans and a single unknown part. For example, if the given 
parts are *1, S, a, we could use (2) to find C, then (3) and 
(4 ? to find b and c respectively. However, the latv of cosines 
is not adapted to the use of logarithms, and as problems of 
spherical trigonometry ordinarily require accurate results, 
it is desirable to derive other formulas with which loga- 
rithms can be used. 


117. Law of tangents- 

The law of sines for spherical triangles may be written 
in the form 

sin A _ sin a 

sin 5 sin 6 ^ ^ 

By composition and division,* 

sin A — sin B ^ sin a — sin 6 

sin A + sin .S sin a + sin h ^ 

Applying formulas (9) and (8) of section 75 (page 132) to 
the numerator and denominator of the fraction on the left, 
we reduce it to the form 


2 cos l(A + B) sin — B) __ tan ^|^(A B) ^ 

2 sin -l(A + B) cos — B) ~ tan + J5) ’ ^ 

The right side of (2) ma 3 " be similarly reduced, and we 
get the law of tangents for spherical triangles, 

tan i(A — B) ^ tan i(a — b) /.n 

tan i(A + B) tan |(a + 5) ^ ^ 


* See the author s College Algebra j p. 128, 
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118. Half-angle fornnylas. 

We -fiail !in\v hulf-aiinlt- f^r -pheri- 

irigiii'M'iiaeiry. 

From fi^niuila uf <i‘r\ujn 74 pair*,:- I2P . we liavi* * 


tan lA 


I — en- .1 

1 ■— (‘O- .1 


Solving equaiitai :A' of the law of c'u>iiie- -eetion 115 
fur vu> A , we hiid 

I eos f/ — eu'' f 

4-os .1 == ^ * 

sm b >m c 

?ubtra(*tiiig each side from 1. we 


1 — cos *4 = 1 — 


eos a — eos (*os c 


sin b ^in r 

sin h sin e — eo< a -h oos eos c 


eosib — c) — eos a 
sin b <in c 


Similarly, we find 


1 + cos *1 = 


eos a — eosiD -e C/ 
sin h sin c 


Substituting (2) and (3) in !>, we get 


tan lA 


/ eos (6 — C l — eos a 
f eos a — cosih 4- e 


By formula (11) of section 75 ^page 132 , 


cos (6 — c) — - cos a 

= —2 sin Ub — c + a) sin hib — c — a), (5) 

cos a — cos (6 + c) 

= —2 sin 4(a + b + c) sin Ma — 6 — c). (6) 

* Only the jx>.-sitive sign is used with the radical, since, by the restriction 
impc&ed in section 104, A < 180“, and consequently 1.1 < 90"^. 
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If we let * 


s = |(a + h + c), 

(7j 

then it can easily be shown that 


b + c — a — 2{s — a)y 

a ~r c — h = 2(s — b), 

a +.b — c — 2(s — c). 

(8) 


By means of (5), (6), (7), we can reduce (4) to the form 



ten U - 7 . 

K sm s sin(6* — a) 

( 9 ) 

and, if f 



tanr - {/ ~ 

y sin s ’ 

(10) 

(10) reduces to the simpler form 



r 

tan \A = r* 

* sm(S — a) 

(11) 

Similarly, 

^ n tan r 

tan IB = -r—, ^ j 

* sm(s — h) 

(12) 


^ tan r 

tan \C = “r ~7 r- 

* sm(s — c) 

(13) 


These may be termed the half-angle formulas. 


119. Half-side formulas. 

If we solve formula (2) of section 116 for cos a and pro- 
ceed somewhat as above, we can derive the half-side 
formulas : 

tan == tan if cos(S ^), (1) 

tan == tan R cos(S — J?), (2) 

tan |c = tan if cos(S — C), (3) 

in 'which | 

* Cf . section 64. 

t It can be shown that r is the radius of the small circle inscribed in the 
spherical triangle ABC. 

t It can be shown that R is the radius of the small circle circumscribed 
about the spherical triangle ABC. 
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tan R 


:iih. 


—cos S 

f cos S — A - cosiS — B cos S — C 

S - M -^5 + C). {5. 


lli:- i- k‘fi a> an exervi^\ 


1 20. Napier*s analogies. 

Dividing 'ill of .^eetion US by * 12 ^ of the >:ime sc^etion, 
we get 

tan pi __ >iii H — b} 

tan IB ^in s — a) '' ' 


and by eompo:<ition and division, 

tan tan '\B _ sin-a-s' — e- — ihi '.s — 

tan I A — tan IB .dn-^A — b_- -r .'^in — a; 


whieh reduces as follows : 

sin jA _ sin hB 
eos h-A cos hB 
sill lA ^ sin ^B 
cos hA eos 

s in I A eos iB — eos lA sin IB _ tan \-'a — 51 
sin I A cos tB -L cos lA sin t /j tan |c 


2 eos — a — sin 

2 sin -- a — eos ya — b) 


sin jiA — B) _ tan | c — 5 ^ 
sin 4 - JS : tan |c 


Multiplying i9) of section IIS by the corresponding 
formula for tan IB gives 


tan hA tan hB 


sinjs — c) 
sin s 




Writing the left side in the form tan I A cot iB and taking 
steps quite similar to those taken in proving formula (2) of 
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the present seetion, we enn reduce (3) to the form * 

cos i(A — B) _ tan Ma + b) . . 

cos -r B) tan |c 

This is left as an exercise. 

It is also left as an exercise to prove, from (2) and (4), 
by the use of polar triangles, the following formulas: 

sin |f Q — b) ^ tan ^(A — B) 

sin f (n T b) cot ^ ^ 

cos i{a - b) ^ tan ^(A + B) 

cos |(a + b) cot f C ^ 

By applying cyclic changes to the letters in formulas (2j, 
(4), (5), (6) we obtain eight more formulas, or a total of 
twelve. These twelve formulas are called Napier’s analo* 
gies.f 

1 21 . The six cases. 

Problems in the solution of oblique spherical triangles 
may be classified into the following six cases : 

Case I. Three sides given. 

Case II. Three angles given. 

Case III. Two sides and the included angle given. 

Case IV. Two angles and the included side given. 

Case T". Tivo sides and the angle opposite one of them given. 
Case VI. Two angles and the side opposite one of them 
given. 

Cases I and II, III and IV, V and VI, are essentially 
equivalent (in pairs) because of the relations between the 
parts of a triangle and the parts of its polar triangle. For 
example, if the three sides of a triangle are given, the three 
angles of the polar triangle can be found at once, so that 


Formula (4) can also be derived by using the law of tangents and (2). 
t The word “analog^"” is used in the now obsolete sense of “proportion.’ 
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1 for tiio givoii iriufipt^ II ft^r t!it= polar iri- 

aiido. 

'Fho six ran hy jsp;i;\; ;• of the 

Iialf“:inirl«- and half-sido ffirnuilas, Xa]>if*rV and 

tho law -iiif*-, as will lx* i!Iu<?nitoti in <ub<»a|ueii! soioJous. 

1 22* Clearing up certain ambiguities. 

Wlien X'apierX analogies are used, ?he riuatlrant in whi^di 
any part terminates r-an always lx* eIetoniiin?ai by mating 
the sigr.s the funetimis involvtai. lIowev».‘i% when ihe 
law of siiies is used, two vadues an* ff»und for the ref|uired 
part- Whether one or both of these valufss are adBiissil)le 
may be determined by the priia.'i|.>le established in solid 
goomoTv that the three skies ami the three angles are in 
the same order of magnitude e.g., if A > B > C, then 
a > h > C) or by the following theorems: 

Theorem L Half tlte sum of any tu'o sides is in the same 
quadrant as half the sum if the oppi-dUe angles. 

This theorem is easily proved by using Napier's analogy- 
(4), namely. 

cos l-i dl — jB) _ t an lia + b) 
cos i d B) tan Ic 

Since each part of a triangle is less than ISO', each of the 
quantities i(-4 B) and k* is less than Consequently, 
cos |(A — B) and tan Ua — b) are both positive. There- 
fore, cos |(d + B) and tan 4(a + fe) are of the same sign, 
and i{A -f B) and -bq + 6) are either both in the first 
quadrant or both in the second quadrant. 

Corollary. If two sides are supplementary the angles 
opposite are supplernentary. and conversely. 

Theorem II. A side which differs from 90° more than 
another side does^ terininates in the same quadrant as its 
opposite angle. 

Suppose, for example, that a differs from 90” more than 
b does. 
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From the law of cosines for sides (formula (5) of set-* 
tion 115), we have 


cos A = 


cos a — cos b cos c 
sin b sin c 


From the hypothesis regarding a and h it follows that cos a 
is numerically greater than cos b. Moreover, since cos c is 
numerically not greater than 1, cos a is also greater than 
cos b cos c. Hence the numerator of the above fraction has 
the same sign as cos a. The denominator is positive, and 
consequently cos a and cos A have the same sign. There- 
fore a terminates in the same quadrant as A. 

Theorem III. An angle which differs from 90° more than 
another angle does, terminates in the same quadrant as its 
opposite side. 

This theorem can be proved by using the law of cosines 
for angles. The proof is left as an exercise. 


EXERCISES XYL A 

In the following sets of exercises, .4, B, C, are the angles 
and a, b, c, the sides of spherical triangles. 

1. Given a = 100°, b = 95°, c = 75°. State whether the following 
angles are acute or obtuse: (a) ^A B), (b) -^(.4 + C), 
(e) i{B + C). 

2. Given *4 = 60°, B = 100°, C — 120°. State whether the 
following quantities are acute or obtuse: (a) 4-(a + 6), 
(b) iia + c), (c) iib + c). 

3. If a = 100° and h = 95°, is ^4 acute or obtuse? 

4. Given a = 100°, b — 75°. Is B acute or obtuse? 

5. Given ^4 = 132°, B = 62°, C = 42°. State whether the fol- 
lowing sides are acute or obtuse: a, c. 

6. Given 4. = 76°, J5 = 102°, c = 75°. \\Tiich of the following 
quantities are acute and which obtuse? ^(a + 5), a, ^(A + C). 

7. Given a = 82°, b = 98°, c = 99°. mich of the following 
angles are acute and which obtuse? i-(A + B), |-(4 +- C), 
i(B + C), 4, B, C. 
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1 23 . Delambre*s or Gauss’s formulas. 

Mi^thrxi- of t‘hei‘kiiig >okinc>n- will given in the nirdel 
However, one of the ^nlowing foraiulii^, known 
;i,> Deiambre's or Gauss’s formulas, ahvay> atTord> m good 
>iiK'e eaeh formula invoh'e- al! .-ix parts of i!m 3 iri- 
aiigie. The fomiultis are gi^een withiait pn.'Kjf, 

sin 4 a — 5^ sin i A — 

sm Ic cos |C ^ 

sin g 4- b) _ cos | .4 — B) . . 

sin |c ~ sin |C ^ ^ 

cos — b) _ sin To4 -h B) . , 

cos |c ” cos iC ’ ^ * 

cos jja -f b) _ cos I' A 4- 

cos ic ^ sin |C ’ ^ ^ 


EXERCISE 

Deduce Napier’s analogies from the foregoing formulas. 

1 24 . Solution of Case I. 

T\Tien w'e have the three side^ given, the solution can lx? 
effected by the half-angle formulas and cheeked by the law 
of sines. 

Example. 

Solve the triangle a = 56'’ 17.2', b = 110® 4.7', c = 71® 29.3'. 


Solution. 5 = + h + c). 

a j 

56® 17.2' 

6l 

110® 4.7' 

^ 1 

71® 29.3' 

iTj 

1 237® 51.2' 

s 1 

118® 55.6' 

s - a 

62° 38.4' 

5-6; 

' S° 50.9' 

5-c! 

1 47° 26.3' 

Check. s 

118® 55,6' 
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tail r = , - a) siii(s - b) sm(s ~ cj _ 

y sin s 

log tan r = |•[log sin(s — a) -f log sin(5 — b) 

+ log sm(s ~ c) + colog sin s]. 


tan-| 

1 — 

'* sin(s - 

r 



log tanW = log tan 

t r — log sin(5 — 

a), 


etc. 





log sin(s 

- a) : 

9.94848 - 

10 


log sm(s 

-h) ^ 

9.1S701 - 

10 


log sin(s 

- c) 

9.86720 - 

10 


ooiog 

sin s 

0.05787 



log tan- r 

9.06056 - 

10 


log 

tan r 

9.53028 - 

10 


log tanM 

9.58180 ~ 

10 


log tanl-B 

0.34327 - 

10 


log tanW 

9.66308 ~ 

10 




20^ 53.7' 




iB 

65° 35.9' 




iC 

24° 43.1' 




A 

41° 47,4' 




B 

131° 11.8' 




C 

49° 26.2' 


Check. 

sin .4 

sin B 

sin C 

X. 


sin a 

sin 6 

sine 



log X = log 

sin *4 

— log sin 0 

etc. 

log sin .4 

9.82374 - 

10 

log sin B 

9.87648 

log sin a 

9.92004 - 

10 

log sin h 

9.97277 

log X 

1 9.90370 - 

10 

log z 

9.90371 


log sin C 9.88063 — 10 
log sin c 9.97692 — 10 
log ir 9.90371 - 10 



♦ iu: 


SOLUTION Of CASE III 


St3 


1 25. Sobfion of Cose H. 

Whi‘r. w»/ h:t\V' thf* "*> ^r-i: * - iht- -nluiion ran im* 

hy t!ii* !»«r:NaIa- uiA by ihr law 

4_?! 

Tilt- ;r?ir.pa:iit:u!:al 'Si*iup the >a!ne a,r^ for (‘ase L 


EXERUSES XV L B 



:v.- tL- fnii 

uwih^ 

in, 

Litiul*-': 




1. r - 

125“ 4o.2\ 

b 

ir: 

5.3= 56-25 


.=:r. 

0S= 51.33 

2. a = 

24.4 \ 

h 

=: 

74= 45.25 

c 

■zz 

I3ib 42.8' 

3. = 

Ar 42.0L 

h 

=: 

113= 39.55 

j- 

z= 

13lL 3s.:r 

4. cl - 

15S^ 33.75 

b 


123= 13.55 

r 

= 

64= 36.93 

5. a = 

S4® 35.2L 

b 


65= 34.45 

e 

= 

im~ 24.2' 

6. .1 = 

llW 14. r. 

B 

= 

55=31.45 

(' 

:r. 

8.8= 51.13 

7. A - 

43^ 40.4L 

B 

=: 

136= 41.55 

C 

= 

65= 16.75 

8. .1 = 

24.45 

B 

=r 

74= 45.25 

c 


136= 42.S', 

9. A = 

12S^ 17.15 

B 

= 

50= 2.55 

c 


114=4(Ur 

10. J - 

81“ 52.55 

B 

_ 

07=31.15 

c 


111=3.73 

II 

T-i 

or 43.35 

b 


38= 2.45 

c 


75= 11.53 

12. G = 

146= 48.75 

h 

= 

71= 2S.15 

€ 


129= 16.3‘ 

II 

83= 54.05 

B 

= 

102= 6.45 

c 

= 

03= 2.05 

II 

143= 35.05 

B 

= 

104= !6.25 

c 


112= 15.2' 

15. a = 

170= 30.S5 

h 

= 

S5= 50.45 

,* 

=== 

108= 5.35 

16. o = 

69= 8.75 

b 

= 

131= 3.95 

c 

_ 

141=33.2-' 

17. .1 = 

128= 15.6'. 

B 

= 

120= 2S.25 

c 

= 

103= 39.S' 

18, A = 

59= 4.45, 

B 

= 

94= 23.23 

c 

= 

120= 4.S3 

19. A = 

45= 24.65 

B 

= 

71= 46.43 

c 

z= 

100= 3.03 

20. a = 

105= 27.35 

h 


a3= 14.73 

e 

= 

96= 53.23 


126 . Solution of Case Iff. 

In this case we have tv:o sides and the induded angle 
given. Suppose, for example, that these are a, fe, C. We 
find J(^4 -r B) and 1(A — B) from Napier's analogies (6) 
and (5) respectively i section 120b Angles A and B are 
then readily found. Side c may then be found by either of 
Napier's analogies (2) or (4). The solution may be checked 
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by the law of sines. It is desirable to check angles A and B 
as soon as they have been found, since they are used in 
finding c. 


Example^ 

Solve the triangle b = 113® 17.3', c = 95® 2.5', A = 72® 51.6'. 
Solution. 


tan h(B + C) 


cos ~~ c) 
cos h(b + c) 


cot 


tan i - C) = 


sin |-(5 — c) 
sin }r(b -f- c) 


cot 


log tan ^(B -r C) = log cos ^(h — c) 

+ colog cos + c) + log cot ^Aj 

log tan i(B — C) = log sin ^(b — c) 

+ eolog sin -|(5 + c) + log cot ^A. 


b 

113® 17.3' 


95® 2.5' 


72® 51.6' 

h + c 

208® 19.8' 

h - c 

18® 14.8' 

■|■(6 + c) 

104® 9.9' 

i(b - c) 

9® 7.4' 

iA 

36® 25.8' 

log cos -^-(6 — c) 

9.99447 - 10 

colog cos |-(6 + c) 

0.61134 (neg) 

log cot ^A 

0.13190 

log sin ^{b — c) 

9.20020 -- 10 

colog sin J(6 4* c) 

0.01341 

log tan ^(JS + (7) 

0.73771 (neg) 

log tan i(B — C) 

9.34551 - 10 

iiB + C) 

100° 22.0' 

i(B-C) 

12° 29.6' 

B 

112 ° 61 . 6 ' 

C_ 

87 ° 62 . 4 ' 


* The notation (neg) indicates that the corresponding function is negative. 
Thus, in finding |(J? -|- C)y we must deduct the value foimd in the tables 



€■ IS 7 SOLUTION OF CASE IV nS 



!un luii -ih r. 

pMlt.2: -in I H - f ^ *:va I'b ^ c). 


fog ,-in A a -“ iO 

colog -in yB — C U rV.Uv^ 

log tim hb - f 10 

lug tan “ a inMKiTi^ — 10 
la 3tV' 8.3' 

72 ^ 16 . 6 ' 


Check. 


sin /t __ sin B _ >in C 
sin a '•in b >in c 


log X = log *-in A — lug -iti a, t‘tc, 

log sin .4 ■ 9.9S027 — 10 log An B 9.96447 — 10 

log sin a 9.97888 — 10 log sin b 9.96 309 ~ 10 

log X ; 0.00139 log X 0.U013S 

lug sin C 0.99970 - 10 
log sin V 9.9^1832 — 10 
log X 0^138 


1 27. Solution oi Case IV. 

The solution of this case, in which we have two angles 
mid the included side given, is very similar to the solution of 
Case III. Using the appropriate analogies of Napier, we 
find half the sum and half the difference of the required 
sides. The sides themselves can then be found immediately. 
The unknown angle is found by using another of Napier's 
analogies, and the results ma^' be checked by the law of 
sines, the two sides being checked as soon as they are found. 

imm 180°, since tan l(B -f C) is negative. That is, 

|(B -f- C) * 180° - 79° 38.0' ^ 100° 22.0L 
This could also be determined by Theorem I of section 122. 


m SOLUTION OF OBLIQUE SPHERICAL TRIANGLES fCh.XM 


Example, 

Solve the triangle .1 = 93® 14.8', C = 71^ 23.2', 6 = 


Solution. 


tan -Ka 4- c) 


cos 4(4 — C) 
cos h{A + C) 


tan -hh, 


112 ® 19 , 8 '. 


tan -l(a 




sin 4(4 -- C) 
sin 4(4 + C) 


tan 4T), 


log tan -f c) = log 

cos liA - C) 

4 eoiog cos 4(4 4 C) 4 log tan 

log tan 4 (a — c) = log sin 4(4 — C) 

4 colog sin 4(4 4 C) 4 log tan 

4 

93® 14.8' 

C 

71° 23.2' 

b 

112® 19.8' 

A +C 

164® 38.0' 

4 ~ (7 

21® 51.6' 

iU + C) 

82® 19.0' 

iiA ^ C) 

10® 55.8' 

it 

56® 9.9' 

log cos 4(4 — C) 

9.99205 - 10 

colog cos 4(4 4 C) 

0.87388 

log tan 44 

0.17371 

log sin 4(4 — C) 

9.27786 - 10 

colog sin 4(4 4 C) 

0.00392 

log tan 4(a 4 c) 

1-03964 

log tan 4(a — c) 

9.45549 - 10 

4(a 4 c) 

84® 47.1' 

4(a — c) 

15® 55.8' 

100 ® 42 . 9 ' 

68 ® 61 . 3 ' 


cot iB = g y - jfo + tan i-04 - C), 

log cot 4^ = log sin ^(a + c) 

+ colog sin 4(a ~ c) + log tan 4(4 — C). 



EXERCISES 


log -in 


HI 

r«4og -in A ^ s 

O5t)lo2 


k^i: tiiii 1 .i — r. 


iu 

log IB 

\* S4o7f.3 — 

111 

hi 

r>4^ 



B imi blS 


Chece. 


'‘iii .1 _ -i.’i B _ -in r 
MH ti -in h -in r 


log -r = log .-in A — ius -in a, ore. 

log >in .4 : 9.99930 -- 10 e>ii -in B 9.973l¥9 - 10' 

log .^iii a J^.9923G — iO ioj: sin h ■— 10 

log X : 0.(M:H]94 Lg x 0J.K)6!}4 

log sin C 9.97667 *- iO 
log .sin c 9.96972 — 10 
log X 0.CXH595 


EXERCISES XVL C 


Solve the following triangles: 


1. 

a 

= 

56^ 19.7 k 

b 

= 

20® 16.7 k 

e 


114® 20.3k 

SL 

h 

= 

47® 29.3k 

c 

= 

50® 6.3k 

A 


129® 58.5k 

3. 

a 

= 

145® 58.2k 

b 

= 

62® 50.6k 

€ 

= 

134® 52.0k 

L 

b 

= 

120® 30.5k 

c 

= 

70® 20.3k 

A 

= 

50® i0.2k 

5. 

a 

== 

95® 12.9k 

b 

= 

53® 10. ik 

C 

= 

49® il.3k 

6. 

A 


128® 36.8k 

B 

= 

KM)® 45.2k 

c 

= 

87® 40.3k 

7. 

A 

= 

77® 59.6k 

B 

= 

40® 59.Sk 

€ 

= 

108® 0.5k 

00 

= 

lOS® 2S.9k 

C 

= 

38® iL5k 

a 

= 

52® 29.0k 

9. 

A 

= 

127® 19.6k 

C 

= 

lOS® 4L5k 

b 

== 

125® 22.5k 

10. 

.4 

= 

142® 30.Sk, 

B 

= 

68® 47.7k 

c 

= 

135° 34.7k 

11. 

h 


99® 40.8k 

c 


100® 49.5k 

A 

= 

65® 33.2k 

12. 

a 

== 

41® 5.1k 

h 

= 

44® 25.4k, 

C 

=r 

37® 29.2k 

13. 

A 

= 

176® 16.6k 

C 

= 

3® lS.2k 

b 

= 

27® IK 

14. 

B 

= 

64® 48.9k, 

C 

= 

40® 23.3k 

a 

= 

108® 39.2k 

15. 

a 

=: 

88® 37.7k 

b 

_ 

125® lS.3k 

C 

= 

102® 16.6k 

16. 

a 


67® 12.6k 

c 

= 

135® 0.9k, 

B 

= 

74® 45.2'. 

17. 

A 

=; 

34® 29.5k 

B 

= 

36® 6.8k 

c 

== 

85® 59.0'. 


m 
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18. A = 78^ 30.S\, 

19. a - 132° 46.7', 

20. h == 2S° 20.3'. 


B = 91° 28.2', 
5 = 59° 50.1', 
c == 112° 1.9', 


c = 51° 22.4'. 
C = 56° 28.4'. 
.4 = 79° 28.6'. 


1 28 . Solution of Case V. 

Case in which we have two sides and the angle opposite 
one of them given, presents the same peculiarities as the 
corresponding case in plane trigonometry. Suppose that 
the given parts are a, 5, A. Angle B can be determined by 
the law of sines, 

. sin 5 sin A 

sm B ^ (1) 

sin a ^ ^ 

If the ratio on the right of this equation is greater than 1 
(in other words, if log sin 5 > 0), no solution exists. 

If this ratio is equal to 1, S is 
90° and the resulting right trian- 
gle is a unique solution. 

If the ratio is less than 1, we find 
^ two values for Bj the tabular value 
and its supplement. In this event 
there may be two solutions (see 
Fig. 107). The number of solutions may be determined by 
the principles of section 122. 

The remaining angle, and likewise the required side, 
can be found by using appropriate forms of Napier's 
analogies. 

Cheeking is perhaps best done by means of one of 
Delambre’s formulas. Suppose, for example, that we re- 
write (1) of section 123 in the form 

sin i(a — b) cos 



sin -KA — B) sin. ic 


“ 1 . 


( 2 ) 


Then, the logarithm of the left side should be equal to zero 
(since log 1 = 0) if the work is correct. 



^ 128 ; 


SOLUTiON OF CASE V 




Example^ 

Solve the triangle a - llHP 4s2'. e 7te ILT. /> 71“ 


SOLl'TlOX. 


^ 7hML4' 
li 7P 9jr 


log^mSI = log HH o log sin a — 10 

-r log sin B -r eoiug sin 5. lf?g -iij H tf.tCtMjS — !i^ 

eulug >ih h ' U.i*204ti 
log sin A I — 10 

J f 81'^9.0h .r - 98= 6L0^ 


cot |C = 


sin -f h) 
sin |(n — b < 


tan h.A 


- H;, 


log cot -|47 = log sin |-(a + h) -r colog ,4n 4-5>i — 6;. 

“T h>g tan — B). 

a + 5 I 170= o9.tr 

a - 6 30= 36.S' 

.4 + B lo2= lS.6h .r -f B = 170= 0,6' 

A - B 9 = 59 . 4 h J' - B ^ 27 = 41 . 4 ' 

Ka + b) 85 = 29 . 8 ' 

i(a-b} 15 = 18 . 4 ' 

' 76= 9.3'. -f - S5= 0.3' 

i(.-l - B) ' 4° 59.7’, 4 (.4 ' - B) = 13= 50.7' 

log tan — B) I S.94151 — 10 
log sin4(a + b) | 9.99S66 - 10 
colog sin ^(a — 6) ! 0.57S42 
L log tan 7(.4' - B) j 9.39174 - 10 
log cot iC ■ 9.51859 — 10 
logcotiC' I9.96SS2 - 10 
iC 71=44.0' 
jC' 1 47° 3.3' 

C 1 143° 28.0' 

C'i 94° 6.6' 


sin ^(.4 + B) 
sin ^(^4 — B) 


tanf(a — 5), 


ta-n-|€ 
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log tan k‘ = log sin U A Ar + f'oiog sin A(A — B) 

+ logtan l(A - B), 

log HiiiU -f B) 9.98720 - 10 
eoiog sin — B) 1.06014 
log tan }/{a — b) 9.43727 — 10 
log sin 4(^4^ + B) 9.99S35 - 10 
[_rok)g sin — B) 0.62106 
log tan hr 0.48461 
log Tan k ' 0.0566S 
k 71° 51.6' 

le' 48° 43.7' 

’r 143° 43.2' 

c' 97° 27.4' 


Check. 1st solution. 

sin 4(fl — b) cos|-C 
sin — B) sin 4c 


log sin 4-(a — 5) -f- log cos AC 4* colog sin A(A — B) 

+ colog sin 4c = 0. 

log sin — b) 9.42158 — 10 
log cos -|C 9.49615 — 10 
colog sin 4(-4 — B) 1.06014 
colog sin Ac 0.02214 

j 0.00001 


1 29. Solution of Case VI. 

Case VI, two angles and the side opposite one of them given, 
is so similar to Case V that we shall not give a detailed 
discussion. A model solution, however, will be given. 


Example. 

Solve the triangle ,4 = 121° 17.7', B = 29° 7.7', a — 136° 12.0'. 


Solution. 


sin b = 


sin a sin B 
sin A 


log sin b — log sin a + log sin B -f colog sin A. 



« 12f SOLUTION OF CASE VI Ui 

A 121 ^:: 

/; -Jr* 7 7 


* ■ ‘ ii' ^ i r * u 

Uv4S;2if 

!ii 


li 

tr6'^732 

114 


-hi .1 

*1 .utisy^.i 



lu-^hi h 




h 

23^ 13.3 , 

- 

' 46 » * 

■ . i 

A ^ B- ^ , 



*'■ ' An 1 

.1 - /f 

^ ‘ 


y; — lug -ill y.l — B rising ^ 

hi ^ 

A - H 




T* iui£ fail ytl 

.1 - B 

l.Vr 25.4' 


.1 - B 

02= lOJj' 



a - b 

lay' 25.3 ■ 



ii - b 

112" 55.7’ 



a: A - B 

75= 12.7’ 



y.l ~ B 

40= 54V 



An - b: 

70= 42.6’ 



1 a - h 

56= 2414’ 



iug >iii h- A -r 

O.OS537 - 

10 


coiug sin yihl — B 

0.14246 



log tan -A- a ~~ b 

O.iTWJa 



lug tan l~e 

0.306SS 



•k’ 

r>r 44.5’ 



r 

127= 29.0’ 



- , , ^iii h 

cot -li == — 
sin .V 

Ui 4- h 

1.. tan 

\a — b 

i 

- /iy 


iuu 1-ut IC — log >in lia -h h) eolug >iti — h' 

lug T!iii y .1 — B). 

log An 'I (a -r — 10 

colog sin |(a — b) 0.07S94 
log tan i 01 - 0.01643 

log cot f C 0.0S833 
IC 30=12.5’ 

V 73 = 25 . 6 ’ 


Xot admiA<ible; for A > By and therefore a mu?^T be greater than b 
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Check. 


sin ~ f>) jC 
sin K.-i — B) sin 


log sin i(a — b) + log cos i-C + colog sin — B) 

+ colog sin |c = 0. 

log sin |(a — 6) j 9.92106 — 10 
log cos |C I 9.S8919 - 10 
eolog sin ■i(.4 — B) | 0.14246 
colog sin -k j 0.04730 

I 0.00001 


EXERCISES XVI. D 
Solve the following triangles: 


1. a = 44° 48.3', b 

2 . a = 56° 30.0', b 

3. a = 52° 45.3', 6 

4 . b = 68° 52.8', c 

6. a = 30° 38.1', c 

6. A = 109° 20.2', B 

7. A = 143° 17.4', B 

8. i = 61° 37.9', B 

9 . -4 = 70° 15.2', B 

10 . 5 = 24° 30.5', C 

11 . a = 80° 5.3', b 

12 . a = 134° 15.9', 6 

13. .4 = 79° 37.3', C 

14 . .4 = 60° 20.2', B 

16 . a = 148° 34.4', 6 

16. a = 40° 20.4', 6 

17 . .4 = 117° 54.4', B 

18 . 6 = 119° 19.9', c 

19 . .4 = 104° 40.0', B 

M. 0 = 40° 5.4', b 


17° 36.7', 4 = 63° 24.8'. 

31° 20.0', 4 = 105° 11.2'. 

71° 12.7', 4 = 46° 22.2'. 

56° 49.8', C = 45° 15.2'. 

31° 29.8', 4 = 87° 53.3'. 

134° 16.4', a = 148° 48.7'. 

70° 18.4', a = 160° 40.6'. 

139° 54.6', b = 150° 17.4'. 

119° 43.8', 6 = 80° 24.4'. 

61° 29.5', c = 34°0.5'. 

82° 4.0', 4 =83° 34.2'. 

150° 57.1', S = 144° 22.7'. 

145° 52.2', c = 150° 42.7'. 

17° 12.9', b = 43° 50.5'. 

142° 11.6', 4 = 153° 17.6'. 

20° 18.2', 4 = 60° 44.4'. 

45° 8.6', a = 76° 37.5'. 

160° 2.3', C = 139° 9.1'. 

80° 13.6', a = 126° 50.4'. 

118° 22.1', 4 = 29° 42.6'. 



MISCELLANEOUS EXERCISES 


S3^ 


1 30 . Summary of methods. 

llw methods of solving oblique sphi.^noa! iriangli^s are 
»*piiomized Mow. 


L Tlirt^e 
zlven, 

e”;t-e 11. Three Single- 
given. 


i’ix^ HI. Two cities and 
the included angle 
given. 


Case R". Tw’o angles | 
and the included side 
given. 


Case V. Tw’o sides and 
the angle opposite one 
of them given. 


Case VI. Two angles and 
the side opposite one 
of them given. 


Use haif-angle formuias. 

Cheek hy law 

Use half-side formuias. 

Cheek Ly law ..d ^iner. 

Find half the .-un: ami half the dilTerenee 
of the angles by using appn>* 

priate foniis of Napier’s analogies. 
The ref|uireti angles are tlien readily 
found. Find required side l>y another 
of Napier’s analogies. 

Check by law of >ines. 


Find half the sum and half the difference 
of tlie retjuireti sides by using appro- 
priate forms of Napier’s analogies. 
The required sides are then readily found. 
Find required aiigle by another of 
Napier’s analogies. 

Check by law of i^ines. 


Use law of sines to find an angle. Find 
remaining angle and requir^ side by 
appropriate forms of Napier’s analo- 
gies. Note nurnl»er of sc>lutions. 

Check by one of Deiarnbre's formulas. 

Use law of sines to find a side. Find 
remaining side and required angle by 
appropriate fonns of Napier’s analo- 
gies. Note nuraljer of ailutions. 

Check by one of Deiarnbre's formulas. 


/^SCEUANEOUS EXERCISES XV/. E 

Solve the foiiowdng triangles: 

1. a = 18*" 29.3', 30® 37.1', 

2. a - 114® 43.3', 136® 19.6', 


C = 52® 51.8'. 
c = 43® 18.5'. 
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3- A = 33° 15.1', 

B = 31° 34.6', 

C = 161° 25.3'. 

4. A - 80° 2.3'. 

a = 118° 20.3', 

b = 69° 56.3'. 

6. B ^ 140° 43.2', 

C = 100° 4.6', 

a = 60° 43.6'. 

6. a = 76° 40.4', 

b = 54° 21.3', 

c = 36° S.7'. 

7. o = 14S° 34.4', 

h = 142° 11.6', 

.4 = 153° 17.6'. 

8. A = 40° 20.4', 

a = 60° 44.4', 

b = 20° 18.2'. 

9. a = 103° 44.7', 

h = 64° 12.3', 

C = 98° 33.8'. 

10. A - 30° 51.2', 

B = 71° 36.0', 

C = 90°. 

IL A = 100° 51.3', 

B = 80° 47.6', 

C = 74° 3.3'. 

12. A = 150° 47.0', 

C = 98° 22.7', 

c = 90°. 

13. A = 64° 34.3', 

5 = 119° 54.6', 

C = 63° 20.2'. 

14. A = 104° 30.7', 

B = 62° 52.1', 

c = 56° 6.4'. 

16. A = 117° 54.4', 

B = 45° 8.6', 

a = 76° 37.5'. 

16. C = 50° 10.2', 

b = 69° 34.9', 

c = 120° 30.5'. 

17. C = 50° 10.2', 

b = 120° 30.5', 

c = 69° 34.9'. 

18. A = 92° 47.4', 

B = 73° 1.3', 

c = 26° 6.9'. 

19. (1 = 80° 39.1', 

b = 75° 12.3', 

c = 141° 5.6'. 

20. A = 61° 37.9', 

C = 139° 54.6', 

c = 150° 17.4'. 

21. A = 53° 15.5', 

C = 68° 58.5', 

b = 67° 12.6'. 

22. A = 99° 34.1', 

B = 67° 46.7', 

C = 91° 56.8'. 

23. a = 41° 19.3', 

b = 112° 36.2', 

c = 78° 9.6'. 

24. a = 58° 49.6', 

b = 75° 12.1', 

C = 102° 58.0'. 

25. A = 104° 30.7', 

B = 62° 52.1', 

c = 56° 6.4'. 

26. A = 32° 40.2', 

B = 122° 11.1', 

C = 42° 36.2'. 

27. A = 104° 40.0', 

B = 80° 13.6', 

a = 126° 50.4'. 

28. A = 65° 33.2', 

b = 99° 40.8', 

c = 100° 49.5'. 

29. A = 113° 30.0', 

B = 125° 31.6', 

a = 66° 44.7'. 

30. B = 10° 10.2', 

C = 90° 

6 = 10° 10.2'. 


31. Find the perimeter and the area of the spherical triangle in 
which A = 65° 50', h = 63° 17', c = 107° 23', the radius of 
the sphere being 5 inches. 

32. A triangle whose sides are 100°, 50°, and 60° lies on a sphere 
of radius 10 inches. Find the difference between the area of 
this triangle and that of an equilateral triangle having the 
same perimeter. 

33. A triangle whose angles are 100°, 50°, and 60° lies on a sphere 
of radius 10 inches. Find the difference between the perimeter 
of this triangle and that of an equiangular triangle having 
the same area. 



CHAPTER XVII 


Applications of 
Spherical Trisonometry 


131. Teitesfrial sphere. 

In long distance measurements on the surface of the 
earth, and in navigation, the earth is trealetl as a sphere 
having a radius of 3959 miles. This 
is called the terrestrial sphere. 

It rotates about a diameter, called 
its axis, which pierces the sphere in 
the north pole P and the south 
pole F'. (See Fig. lOS.) 

The equator is the great circle 
whose plane is perpendicular to the 
axis. 

A meridian is a great circle pass- 
ing through the poles, for example, PMQ, 

The latitude of a point 3/ is the angular distance of the 
point from the equator, and wiU be considered positive if 
the point is north of the equator, negative if the point is 
south of the equator. It is measured by the arc QM of the 
meridian through the point. The colatitude is 90' minus 
the latitude.* It is the angular distance from the north pole 
and is measured by the arc MP. 

The meridian through Greenwich is called the prime 
meridian. The longitude of a point is the angle between the 
prime meridian and the meridian through the point. It is 
measured by the number of degrees in the are intercepted 

If the point is south of the equator, say 30° south, its latitude is — 30* 
and its colatitude is 90° — (—30°) « 
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at the equator by these two meridians.* If for examplei 
in Fig. 109, PGG' is the prime meridian and PAA' k 
the meridian thi'ough the point A, these meridians cutting 
the equator in G' and A' respectively, then the longitude 
of A is measured by the number of 
degrees in the arc G'A\ Longitude 
Tvill be considered positive if the 
point is west of the prime meridian 
and negative if the point is east. 

The distance between two points 
A and B is the length of the arc 
AB (not greater than a semicircum- 
ference) of a great circle passing 
Fig. 109 through A and B, This distance 

may be expressed in angular measure or in linear measure. 
To convert from angular units to linear units, we note that a 
nautical mile is the length of one minute of arc of a great 
circle on the terrestrial sphere. This is about 1.1516 statute 
miles of 5280 feet each, or 6080 feet, f 
The bearing of point B from point A is the angle which 
the arc AB makes mth the meridian through A (angle 
PAB in Fig. 109).$ 



1 32. Terrestrial triangle. 

To find the distance between A and B, and their bear- 
ings from each other, we consider the terrestrial triangle 
ABPj whose vertices are the two points and the north 
pole. If the latitude and longitude of the points are given, 
we can find arcs AP and BP, also angle APB, immedi- 

*It is also frequently expressed in hours, minutes, and seconds of time 
(cf. section 133), 1 hour being equivalent to 1/24 of 360°, or 15° of arc, 1 
minute of time consequently being equivalent to 15 minutes of arc, and 1 
second of time to 15 seconds of arc. 

t The United States nautical mile is 6080.27 feet, the British nautical mile 
is 6080 feet. 

t In the United States Kavy bearings are measured from 0° to 360°, from 
north through east. According to this convention, the bearing of B from A 
in Fig, 109 would be found by subtracting angle PAB from 360°. 
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liuAy. M) that we have a problem under Case* Ilf, namt'ly, 
I.WIJ ,-ide.r^ and ihe included angle given. 

Example. 

Yiiid ■ h«’ distance iH-twmi New York (40® 43' N, ^ 

74* O' and Livt*r|.iuol (53° 24' N, 3® 4' W) and 
t!.e iH-ariiig of oaeli uf places from the other. 7 

Solution. Represent New York by A and Liver- 

by B iFig. liUi. Then, HO 

h = AF = culatitude .4 = 90® -- 40® 43' = 49® 17b 
a = BP = eoiatitude B = 90® — 53® 24' = 30 ® 36', 

P = difference in longitude = 74® 0' — 3® 4' = 70® 56'. 

* 1/0 * . 4 > COS 4(6 — a) _ 

tanKB-r.t^ — P ^-eui iP, 

tan iiB - .4) = 

^ Sill l\b 4 - tij " 

log tan |(B + .4) = lug cos |(6 - a) 

4“ colog cos lib + a) -f log cot 4P, 


tan iiP — .4) 


cut IP, 


cut |P, 


log tan |(B — .41 = log sin hh — a) 

4* eoiog sill 1(6 + a} = log cot |P. 
6 -f a ; So® 

6 - a 12® 41' 

1(6 4“ a) ' 42® 56.5' 

4(6 - a) ; 6® 20.5' 

4P 35® 28' 


log cos J(6 - a) 9.99734 — 10 
colog cos 4(6 4* cl ) 0.13546 
log cot 4 P 0.14727 
log sin i(6 - a) 9.04319 - 10 
colog sin 4(6 + a) 0.16669 
log tan 4(P 4- .4) 0.28007 
log tan UB - A) 9.35715 - 10 
4(P4-^4) 62® 19' 
i(B - A) 12® 49' 

sirs'* 8' 

A i 49“* 30' 
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tan Ip — 


sin 

wsin h{B 


tan lib 


log tan Ip = log sin + A) 

+ colog sin UB -- A) + log tan |(6 - a), 

log sin UB + A) 9.94720 »- 10 
colog sin UB — -4) 0.65398 
log tan -Mb — a) 9.04586 — 10 
log tan -bp I 9.64704 — 10 
i-P 

p 47° 50' = 2870' 

Distance = 2870 nautical miles. 

Bearing of Liverpool from New York = A — N 49° 30' E. 
Bearing of New York from Liverpool = B == zY 75° 8' W. 
The solution should be checked by the law of sines. 


EXERCISES XVII, A 

Find the distances between the folIo'R’ing places, also the 
bearing of each from the other. Latitudes and longitudes 
are given at the end of the set of exercises. 

1. New York and San Francisco. 

2. New' York and Paris. 

3. New York and Cape of Good Hope. 

4. San Francisco and Sydney. 

5. San Francisco and Rio de Janeiro. 

6. New' York and Rio de Janeiro. 

7. Rio de Janeiro and Sydney. 

8. Moscow' and San Francisco. 

9. How' close to the north pole does the great circle path of the 
preceding exercise pass? 

10. A ship sailed due east from New' York to a point on the 
meridian of 10° W near Portugal. Find the distance it w'ould 
have saved if it had sailed along the arc of a great circle. 

11. A ship sails from New York to Cape of Good Hope along the 
arc of a great circle. Find its course (i.e., direction) (a) when 
it crosses the equator, (b) when it crosses the meridian of 
10° W. (Use results of exercise 3.) 

12. Find the area of the triangle whose vertices are Newr York, 
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CELESTIAL SPHERE 






!'o, and Hiii 

.Imrin- 1 r*-Naf> in » v-r- 


L rl 



13. 

An airplant' 

inun 

‘W 1 mI'k ui I in 4 .s.nd 


4,1 

W hai ii - a 

ran* i-: o m -taTuo-^ 


hour? 



14. 

An airplane 

fi« w fr.-n; t:: 

deauu <an Fru!.' i-ru a? an 


of 

LSU -Uitiit.’ 

hour. Ili7a lung did dn. 


iliirht. take? 




Latirjde Longitude 


t'ap' of Goh<I 

UP' JF- 

ll 

Chicago 

41- rjy N 

sr 47' W’ 

Mo«e«jw 

A1‘ 4'U ?: 

»'>7" 44' !■: 

New York 

■ 4rc 4r'> N 

74= O'W 

Fari.«- 

4^' I4P N 

2= 2tJ‘ K 

Rio de Janeiro 

' 22= 54’ < 

4:P 10- W 

Ann FrancFco 

47= 47' N 

122= 2o^ 

Sydney 

■i;P 52’ 

hip' 12-^ i: 


133 . Celestial sphere. 

A sphere, concentric with the c^arih, and having a radius 
of indefinite length, L< called the celestial sphere. fs>ee 



Fig. Ill, in which the earth is located at the point 0.) With 
any point on this sphere is associated a direction, and thus 
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the angular distance (although not a linear distance) be- 
tween any two points on it ma}" be considered. 

The points where the axis of the earth intersects the 
celestial sphere are the north and south celestial poiesj 
P and P\ respectively. 

The plane of the equator of the earth cuts the celestial 
sphere in the celestial equator, EQW. 

Great circles, such as PMP', passing through the cefe-^ 
tial poles are called hour circles. The hour circle of the 
observer, the great circle XPZQS in the figure, is called the 
observer's celestial meridian. 

The point Z on the celestial sphere vertically above the 
observer is called the zenith of the observer. The diametri- 
cally opposite point, Z', is called the nadir. 

The horizon of the observer is the great circle XESW 
having the zenith and nadir as poles. On the horizon the 
cardinal points (north, south, east, west) are marked by 
the respective initial letters. 

The declination of a star or other heavenly body, whose 
projection on the celestial sphere is represented by M in the 
figure, iaits angular distance north or south of the celestial 
equator. It is regarded as positive if the body is north of 
the equator, negative if the body is south. The declination 
of the body M in Fig. Ill is measured by the arc KM of 
the hour circle of the body. Declination corresponds to 
latitude on the earth. 

The hour angle of the body M is the angle at the pole 
between the celestial meridian (i.e., the hour circle of the 
observer) and the hour circle through the body. It is the 
angle ZPM in the figure, and may be measured by the arc 
QK of the celestial equator. It is usually measured from 
the celestial meridian, toward the west, from 0° to 360° or 
from 0 to 24 hours. 'Since the celestial sphere apparently 
rotates through 360° in 24 hours, 1 hour corresponds to 
^ X 360° = 15°, and we have the following relations 
between measures of time and angular measure : 
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A:;7P^?HuMirAL TFilANULE 


Ui 


I ll‘ o:* I-'? ji» ■;!’■’ * ■ 1 ”■ *- 1^ ' 

1 in njti* - »i4!. 

1 h! liin*' -• 1.^ nf ar^' i* - Ui a 

JU altitude !>^^dy M i- ir- ui iaii^e ab«,fva flip 

and iv» hy Hir arr //J/.^ The ahitiiile b. 

lakf^ii pp-idv» a lU 
a^^>ve die h«.*n^».4ru 
!:etrativ«' if i* i.« bJenv. 

The- azimuth of tlie l«>dy 
i- the^ ande at the ifenith 
let ween the e'ele-ti;i! merid- 
ian PZQS and the great ^ 
eirele ZMHZ* throtigh t!'ie 
zenith an?] the hofiy. !? may l>f' mea. -ured frmn north 
frooi s-xmth. If. har example, it b me:e>iioal ha^ni the -O'iith. 
the azimuth of M in Fig. ill i> the angle SZM. 

A heavenly body may he loeated ’hy it- lieelinaTion and 
iL< hour angle, or by it.- ahiiude and azimuih. 

1 34. Astronomical triangle. 

llu spherical triangip PZM wiioe; vertha'}s are the 
tial pole.T the zenith, ami the projeftion ♦"if a heavenly body 
on the erdestial sphere, i- leille*.] the astronomical triangle. 

A study of Fig. Ill diows that 

ZaM ~ coaltitude, ^ 1 

MP = codecUnation, 2 

PZ — colatitude, s3 

w'here the prefix “eo" ob^dolisly denotes 'haomplement 
of."' Aloreover, 

P ~ hour angle, 4 

Z = 180' — azimuth. (B- 

The angle M is of no special interest . 

* It ran easily be ?ho^^•!l that the altitude of the north celestial at any 
plare of observation, is the latitude of the pLiee= 

The north pole if the observer is in the northern hentisphere, the south 
pole if he is in the southern hemisphere. 





Fc,. 112 
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If any three of the other five parts are known, the re- 
maining two can be found. Thus, if an observer knows his 
latitude, and measures the altitude and azimuth of the sun, 
he can find PZ, ZM, and Z. From these he can compute 
the hour angle P. This would give the local apparent time 
(showm on a sxmdial). 

From the American Nautical Almanac or the American 
Air Almanac (these are published by the United States 
Naval Observatory) can be obtained the declination of 
each of many heavenly bodies (sun, moon, planets, and 
several hundred stars) for any hour of the day. If an ob- 
server knows the time and measures the altitude of the sun, 
he has, after finding the declination of the heavenly body M 
from the Almanac, the values of ZM, MP, and P, from 
which he can compute PZ and hence his latitude. 

Example 1. 

An observation taken in St. Louis (latitude 38° 38' N) showed 
the altitude of the sun to be 30° 30'. Its declination w^as found 
to be 10° 20' N. \\hat w^as the time of day? 

Solution. In the astronomical triangle w’e have 

m = colat. = 90° - 38° 38' = 51° 22', 
p == coalt. = 90° - 30° 30' = 59° 30', 

2 = codec. = 90° - 10° 20' - 79° 40'. 


This is Case I. Since only one angle is required, we use formula 
(9) of section 118 (page 216). 

5 = i(m + P + z). 

tan iP = . /sm(s - m) sm(s - j) , 
y sm 5 sm(s — p) 

log tan |P 

= ■J-[log sin (s—m) +log sm(s — s) +colog sin s+coiog sin ( 5 — p)]- 
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ASTRONOMICAL TRIANGLE 


S43 


2" 

loti' 32' 



lu 


»■- — m 

43" *eF 



35' 46‘ 


- z 

15m3»r 


Chkck, 

95^ 16' 


log>in(s ~ m,/ 

i‘ - 

10 

logsim> - 2/ 


10 

f*olog .-iti 

U.CM)iS4 


eolog si ms — pt 

u.2:j32;i 


log tan* hP 

ti56567 — 

10 

log tan |P 

9J52S4 - 

10 

^P 

2ir30T' 


‘P 

59® V 



Redueins the hour angle P to uiiie- uf time seruion KvL. 
\\v get P = afP r lo = /V' If tjK* t>h?iervatioTi wa- tak*4: 

in the afteriKXin, the time wa> 3:56 p.m. If fi^e f>l:i'-ervatio!i wn.' 
taken in tlie morning, the time \va> 1 2-- — 56=^ — 4®, <.»r 

S:04 a.m. In either case the time is local apparent time. 

Example 2. 

The declination of a star is 7® 54' X, its hour angle is 48* oT. 
Find its azimuth, it being given that the observer is in latituda- 
67® 49' X. 

SoLUTiox. In the astronomical rnancie we ha.ve 

— codec, = 96® — 7® 5F =■ S2® 6‘, 

P = hr. Z = 4 S® ol h 

7 n = colat. = IK)® ~ 67 ® 49 ' = 22 ® llh 


This is Case III. 

tan -hiZ H- M) 

tan i(Z — ^f) = 


cos Uz 


in) 


cos ^{2 
.sin 4 (z 


■ ?«) 
m) 


cot ^Pj 
cot ^Pj 


sin 4(2 -f 771) 

log tan ^(Z + M) = log cos — m • 

+ colog ca« 4f r -L m) 4" log cot 
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log tail 1{Z — M) = log sin — m) 

+ coiog sin i(z + m) + log cot ^P, 


z + m 

104'^ 17' 

z — 7n 

59® 55' 

h(z + ???) 

52® 8.5' 

*lr(2 — m) 

29° 57.5' 

IP 

24® 25.5' 

log eas ^(z — ni) 

9.93772 - 

colog cos h(z + ) 

0.21204 

log cot ^jP 

0.34280 

log sin i(z — m) 

9.69842 - 

colog sin 4(2 4- m) 

1 0.10263 

log tan i(Z + Af) 

0.49256 

log tan i {Z — M) 

0.14385 

liZ + AO 

72° 10.0' 

UZ - M) 

54° 19.2' 

Z 

126° 29.2' 

M 

17° 50.8' 


Azimuth = 180^^ - Z = 53® 31'. 


Check. 


sin Z sin M 

— X, 

sm z sm m 

log a; = log sin Z — log sin z 
== log sin M — log sin vi. 

log sin Z 9.90525 — 10 
log sin s 9.99586 — 10 
logo: 9.90939 -10 
log sin M 9.48639 — 10 
log sin m 9.57700 — 10 
logx 9.90939 - 10 


Example 3 . 

An observer in the northern hemisphere finds the altitude of 
the sun to be 35® 23' at 9:15 a.m., local apparent time. If the 
declination of the sun is 10® 48' S, what is the latitude of the 
place of observ^ation? 



EXERCISES 




?HjLi nij\. hi tin* a-trDiiuUiU'ui iriitnKlf* wt* Iihvi* 


r ^ MP tnf T' hf ^ IlKf 4S\ 

P ZM ^ rualr. -- - tVr 2;r - r 

P ^ hr. Z - 12'^ ~ I#- ir»”^ 41" hi. 


Tlih i> Cme V- 


>in Z 


!?in 2 .-ill P 

•*2fl p 


liM >in Z = iug ^iii 2 -h l4»,ir 'in P 4- fulog '-in p. 

log sin 2 11.119224 - 10 
log^inP 9.81911-10 
colog sin p ' 0.U8868 
log >in Z IhlHKH):! — 10 

Z 52® 36^ * or 127® 24' 


. , sin 4(Z -r P) , 

tan 4m = ~ Ph 


log tan ~ lug >in ^(Z + Pi 4- coiog sin |(Z — P) 

4“ lug tan 1(2 — p). 


Z 4“ P ; 16S* 39' 

Z - P S6® 9' 
2-p 46® IP 

i(Z 4- P/ S4® 10.5' 
4(Z - P; : 43® 4.5' 
i(z - p) ' 5.5' 


log sin i(Z 4“ P) , 9.99786 - 


coiog sin |(Z ■ 
log tan 1(2 


P) j 0.16561 
■ p? 9.62978 — 


log tan | 9.79325 - 
lm\ 31® 5P 
mi 63® 42' 


10 

10 

10 


Since m = colat., lat. = 90® — 63® 42' = 26® 18' N. 


EXERCISES XV! I, B 

1. An obsen^ation taken in New York (40® 43' X) showed the 
altitude of the sun to be 52® 25'. Ita declination was found 
* EHscarded, slnct Z and f mutt terminate m the mmm qaadriAt. 
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to be 12° 15'. WTiat was the local apparent time of the obser- 
vation if it was taken in the morning? 

2. An afternoon observation at Montreal (45'’ 30' X) deter- 
mined the altitude of the sun to be 26° 30'. Given that the 
declination of the sun was 8° 0' S, find the local apparent 
time of the observation. 

3. Find the altitude and the azimuth of the sun at 3 p.in. in 
latitude 47° 3S' X, its declination being 7° IS'. 

4 . The declination of a star is 22° 1', its hour angle is 15° 8'. 
The latitude of the place of observation is 51° 19' X. Find 
the altitude and the azimuth of the star. 

6. The declination of a star is —26° 19', its altitude is 31° 5', 
and its azimuth is S 18° 9' W. Find the latitude of the ob- 
server. 

6 . The altitude of the sun is 50° 32', its decimation is 12° 38', 
its azimuth S 12° 6' W. Find the latitude and the local appar- 
ent time. 

7 . Find the local apparent time of sunset in Chicago (41° 50' X) 
on a day when the declination of the sun is —7° 30'. 

Suggestion. At sunset the altitude of the sun is 0°. 

XoTE. In practice a correction must be made in problems 
of this tj-pe for the refraction of the rays of the sun by the 
atmosphere of the earth. Another correction must be majlp 
for the angular radius of the sun. 

8. Find the length of the day (sunrise to sunset) in Xew Orleans 
(29° 57' X) when the declination of the sun is —20°. 

9 . On the longest day of the year the declination of the sun is 
23° 27'. Find the length of the longest day in latitude 
(a) 25°, (b) 45°, (c) 65°. 

10. On the shortest day of the jmar the declination of the sun is 
—23° 27'. Find the length of the shortest day in latitude 
(a) 25°, (b) 45°, (e) 65°. 
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Calculating machines, 43, 

Celestial equator, 246. 

Celestial meridian, 240. 

Celestial poles, 240 

Celestial sphere, 239. 

Characteristic iogunihin, 47. 

Circle, axis of, 197; fi reum>tTk>ed, 
diametor vi, 82; eireani'^Trilxxl 
<'pi:cr;!*al Tri;ingle\ radiu> of, 216 
hxitnotp; groat, 197; 240; 

iD>erifx?d, radians of. 101, 102; n> 
scribeii {spherical triaiirtleh ra-iiu-' 
of, 210 foutriOie; |X)ies cf, 197; 
small, 197; unit, 134. 

Circular functions, 136. 

Circular measure, 139. 

Circular parts, 203. 

Circumscribed circle, diameter of> 
82; raiiri' of v-pherieai mangle). 
216 footnote. 

cis, I8S. 

Clockwise rotation, 64. 
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Coaltitude, 241. 

Codeclination, 241. 

Cofunction, 7. 

Colatitude, 233, 241. 

Cologarithjn, 34. 

Common logarithms, 45. 

Complementary angles, functions of, 

0 . 

Complex numbers, 1S5; absolute 
value of, ISS; adciition and sub- 
traction of, 1S5, 1S6, geometric, 
iST; amplitude of, ISS; argument 
of, ISS: conjugate, 1S5; division of, 
1S6, in trigononretrie form, 190; 
geometric representation of, 1S6; 
modulus of, ISS; multiplication of, 
1S6, in trigononietric form, 190; 
polar form of, ISS; powers of, 191; 
rectangular form of, ISS; roots of, 
191 ; trigonometric form of, ISS. 

Components, 25, 26, ilO. 

Computation, logarithmic, of powers 
and roots, 55; of products and 
quotients, 52. 

Conditional equation, 177. 

Conjugate complex numbers, 185. 

Coordinates, 65. 

Cosecant, 67 ; of acute angle, 4; graph 
of, 161, 162; inverse, 165; line 
repre.sentation of, 154, 156; period 
of, 162, 163. 

Cosine, 67; of acute angle, 4; addi- 
tion and .subtraction formulas for, 
124, 125; graph of, 158, geometric 
construction, 163; inverse, 165; 
line representation of, 154, IqS; 
period of, 15S, 163. 

Cosines, law of, 8S; for angles, 213, 
214; for sides, 212, 213. 

Cotangent, 67; of acute angle, 5; 
addition and subtraction formulas 
for, 125; graph of, 158, 160; in- 
verse, 165; line representation of, 
154, 155; period of, 161, 163. 

Coterminal angles, 65 footnote. 

Counterclockwise rotation, 64. 

Coverssd sine, 5. 

Cyclic change, S9. 

Decimal point, standard position of, 
38, 47. 

Decimation, 240. 


Degree and hour, relr.tion 'oetwmi* 
236 i'i>or»n kp. 240“2!l. ^ 

Degree, spheric.:!, 20u. 

Delambrc’s foniiuiii, 221. 

De Moh-re’s rheoicm, 161. 

Depression, angle of, 20. 

Diameter of circumscribed circle, S2. 

Difference of angles, functions of, 123. 

Differences of functions, 131. 

Digit, leading, 3S. 

Directed line, 122. 

Distance, on sphere, 107; on terres- 
trial sphere, 236. 

Division, of approximate numbers. 
41; of complex r.umbers, 186, in 
trigonometric form, 190; logarith- 
mic, 52. 

Elevation, angle of, 20. 

Equation, conditional, 177; identical, 
177; Moilweide’s, S3, 97, 9S. 

Equator, 235; celestial, 240. 

Error, 37; ab.solute, 37; relative, 37. 

Excess, spherical, of polygon, 199; 
of triangle, 199, L’Huiliers for- 
mula for, 200 footnote. 

Extraneous solutions, 179. 

Figure, significant, 37. 

Functions, circular, 156. 

Fimctions, inverse trigonometric, 
165. (See also Inverse trigono- 
metric functions.) 

Functions, trigonometric, 67; of acute 
angle, 3; of coinplementan^ angles, 
6; differences of, 131; graphs of, 
156-163; of half an angle, 123; line 
representations of, 154; logarithms 
of, 57; natural, 56; of sum and 
difference of angles, 123; sums of, 
131; tables of, 11, 12-14; or twice 
an angle, 127; of 0% 9Cr, ISO", 
270°, 68; of 30°, 45% 60% 9; of - d, 
71; of 90= - e, 74; of 90= +0, 75: 

of 180= - 0, 72; of 180= 4- 0, 73; 

of 270= -e, 75; of 270° 76; 

of 360= - e, 73; of 360= 4-^, 73. 

{See also Sine, Cosine, etc.) 

Gausses formulas, 221. 

Geometric construction of sine and 
cosine graphs, 163. 
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INDEX 


CoaItitude» 241. 

Codecimation, 241. 

Cofimction, 7, 

Colatitudfi, 2ii5, 241. 

Cologarithm, 54. 

Common logarithms, 45, 

Complementary angles, functions of, 
G. 

Complex numbers, ISo; absolute 
value of, 1S8; luidition and sub- 
tra(?tion of, 1S5, 1S6, geometric, 
iS7; ampliTude of, ISS; argument 
of, ISS; conjugate, 1S5; division of, 
ISG, in trigonometric form, 190; 
geometric representation of, 1S6; 
modulus of, ISS; multiplication of, 
186, in trigononietric form, 190; 
polar form of, ISS; p^)wers of, 191; 
rectangular form of, 188; roots of, 
191 ; trigonometric form of, 188. 

Components, 25, 26, 110. 

Computation, logarithmic, of powers 
and roots, 55; of products and 
quotients, 52. 

Conditional equation, 177. 

Conjugate complex numbers, 185. 

Coordinates, 65. 

Cosecant, 67 ; of acute angle, 4; graph 
of, 161, 162; inverse, 165; line 
representation of, 154, 156; period 
of, 162, 163. 

Cosine, 67; of acute angle, 4; addi- 
tion and subtraction formulas for, 
124, 125; graph of, 158, geometric 
construction, 163; inverse, 165; 
line representation of, 154, 1^; 
j^eriod of, 158, 163, 

Cosines, law of, 8S; for angles, 213, 
214; for sides, 212, 213. 

Cotangent, 67; of acute angle, 5; 
addition and subtraction formulas 
for, 125; graph of, 158, 160; in- 
verse, 165; line representation of, 
154, 155; period of, 161, 163. 

Coterminai angles, 65 footnote. 

Counterclockwise rotation, 64. 

Coversed sine, 5. 

Cyclic change, SO. 

Decimal point, standard position of, 
38, 47. 

Declination, 240, 


Degree and hour, relation 

236 footp.ote. 240 2 tl. * 

Degree, £phe;ic.;l, 20*). 

Delambr^’s formUa*, 221, 

De Moivre^s iheorcin, 1 91. 

Depression, angle of, 2<>. 

Diameter of circumscribed circle, 82. 

Difference of angles, functions of, 123. 

Differences of functions, 131. 

Digit, leading, 38. 

Directed line, 122. 

Distance, on sphere, 197; on terrefr* 
trial sphere, 236. 

Division, of approximate numbers, 
41; of complex numl^ers, 186, in 
trigonomenic form, 190; logarith- 
mic, 52. 

Elevation, angle of, 20. 

Equation, conditional, 177; identical, 
177; Moilweide’s, 83, 97, 98. 

Equator, 235; celestial, 240. 

Error, 37; absolute, 37; relative, 37. 

Excess, spherical, of polygon, 199; 
of triangle, 199, L’Huilier’s for- 
mula for, 200 footnote. 

Extraneous solutions, 179. 

Figure, significant, 37. 

Functions, circular, 156. 

Functions, inverse trigonometric, 
165. (See also Inverse trigono- 
metric functions.) 

Functions, trigonometric, 67; of acute 
angle, 3; of complementaiy angles, 
6; differences of, 131; graphs of, 
156-163; of half an angle, 128; line 
representations of, 154; logarithms 
of, 57; natural, 56; of sum and 
difference of angles, 123; sums of, 
131; tables of, 11, 12-14; of twice 
an angle, 127; of 0°, 90°, 180°, 
270°, 68; of 30°, 45% 60°, 9; of - 19, 
71; of 90° - d, 74; of 90° + d, 75; 

of 180° - e, 72; of 180° + d, 73; 

of 270° - d, 75; of 270° + 6, 76; 

of 360° - e, 73; of 360° + 8, 73. 

(See also Sine, Cosine, etc.) 

Gauss’s formulas, 221. 

Geometric construction of sine and 
cosine aranhs. 
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rjeometric representation of complex 
sumbers, 1^1 

Csraphs, frij-ri«?iiiKn’ 

1 as T rtf’ 

Great circle, 11*7. 

Half an angle, functions of, 12^. 
Half-angls formulas, H)i, |ir>; fnr 
■^ph^nml 215, 2!h. 

Half-side formulas, 2 It?. 

Harersine, 5. 

Heron’s formula i\ir area yf triangle, 
UXJ, 101. 

Horizon, 240. 

Hour and degree, relation lM?tvvo<»n, 
23* » f«M.)tnote, 240-241. 

Hour angle, 240, 241. 

Hour circle, 240. 

j, inuiitniary unit, iS5. 

Identical equation, 177- 
Identity, 118, 177. 

Imaginary numbers, ISo; axis of, 
ISO. 

Lnaginary part of complex number, 

185. 

Imaginary unit, i, 185. 

Infinity, 69. 

Initial point of directed line segmei.t, 

122 . 

Initial side of angle, 64. 

Inscribed circle, radius of, 101, 102, 
(spherical triangle), 216 frxjtnote. 
Interpolation, 21, 49, 58; inverse, 22, 
51, 58. 

Inverse interpolation, 22, 51, 58. 
Inverse sine function, eti*. (8ee 
Inverse trigonometric functions.) 
Inverse trigonometric functions, 165; 
jE;raphs of, 167-172; princi!»:J val- 
ues of, 1^. 

Isosceles triangles, 29; spherical, 

2(B. 

Knot, 29. 

Latitude, 235. 

Law of cosines, 88; for angles, 213, 
214; for sides, 212, 213. 

Law of sines, 80-S2; for spherical 

triano-liswi Oil 


Law of ungenu, lo ; i-r -r- 
tn-iUgo* ■. 2i I, 

Laws of logarithms, 5 i 5 J . 

Leading digit, ,iS. 

L’Huilkris formula f-r ? 

Line, directed, 122., 

Line representations of the fuacisons, 
17*4. 

Linear velocity, 1 13, 

Local apparent time, 212. 

Lt^aiithm, 45: I'fjararten.'tif yf, 47; 
i-ouimyn. 45; yf, 46; nf 

jK.'v\t.'r, 52; prudurt, 51; ui 
quutiVijt, 52; y; 52. 
Logarithmic computation, yf 
and r*.«'U, 55; of prf.Hiu('U and 
quotient?^, 52. 

Lt^arithms, luws of, 5 1-- 52; of trig- 
oiioiiictnc fuiictis'uiis, 57- 
Longitude, 235. 

Lune, 197 hoottiMie. 

Mantissa, 4*»; finding the, 49, 
Measure, virciiiar, 139; radian, 139; 
of ti!iie and arc, 23f» f«?otnote, 
24!>~241. 

Meridian, 235; celestial, 210; prime, 
235. 

Middle part, 203. 

Mil, 151. 

MUe, nautical, 29, 236, 236 footnote; 

statute, 29, 236, 236 hK:)tnnte. 
Minute of arc and of time, 23b foot- 
note, 241. 

Mixed imaginary number, 185. 
Modulus of complex !iuml>er, 188. 
Mollwuide’s equations, 83, 97, 
Muliiplication, of approximate nuin- 
ber-s, 40; of complex nunisjers, 186, 
in trigonometric form, 190; Ic^a- 
rithruic, 52. 

Nadir, 240. 

Napier’s analogies, 217, 218. 
Napier’s rule^ 203. 

Natural functions, 57. 

Nautical Almanac, 242. 

Nautical mile, 29, 236, 236 footnote 
Negative ang^e, 64. 

North celestial pole, 240. 

North nole. 235. 
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Number, approxiiuate, rounding 
off, 36; complex, 1S5; imaginary, 
185; mixed imaginary, 185; pure 
iiaagmary, ISo; real, iS5. 

Oblique spherical triangles, 211; sum- 
mary of methods of solution of, 233- 

ObHque triangles, solution of, by 
iiieaiis of right triangles, 32; sum- 
marv u!" meiliods of solution of, 
104.’ 

Observer*s celestial meridian, 240. 

Opposite parts, 203. 

Ordinate, 6*5. 

Origin, fio. 

Part, imaginary, of complex number, 
1S5; real, of complex number, ISo. 

Parts, adjacent, 203; circular, 203; 
middle, 203; opposite, 203; of 
spherical triangle, 198; of triangle, 
17. 

Period of cosecant, IG2, 163; cosine, 
15S, 163; cotangent, 161, 163; 
secant, 161, 163; sine, loS, 163; 
tangent, 160, 163. 

Plotting, 65. 

Polar form of complex number, 188. 

Polar triangle, 190, 200. 

Poles, of circle, 197; north and 
south, 235, celestial, 240. 

Polygon, regular, 29; spherical, 199, 
area of, 200, exces.s of, 199. 

Position, standard, of decimal point, 
38, 47. 

Positive angle, 64. 

Powers, of complex numbers, 191; 
logarithmic corujjutation of, 55. 

Prime meridian, 235. 

Principal branch, 168. 

Principal values of Inverse trigono- 
metric functions, 166. 

Product, of complex numbers, 186, 
in trigonometric form, 190; loga- 
rithm of, 51; logaritiimle computa- 
tit>n of, 52. 

Projection, 26. 

Proportional parts, interjx)lation bv, 

21 . 

Pure imaginary number, 185. 

Pythagoras, theorem of, 7, 

I^thagorean relations. 115- 


Quadrantal triangle, 207, 

Quadrants, 66; .signs of functions in 
various, 68, 

Quotient, of complex numbers, 186. 
in trigonometric form, 190; 
rithm of, 52; logarithmic computa- 
tion of, 52. 

Radian, 139, 

Radian measure in graphing, 162. 

Radius, 66; of circumscribed circle of 
spherical triangle, 216 footnote; 
of iuseribed circle, lOi, 102, of 
spherical triangle, 216 footnote; 
vector, 66. 

Real numbers, axis of, 1S6. 

Real part of complex number, ISS. 

Reciprocal, 5 footnote. 

Reciprocal relations, 5, 114. 

Rectangular coordinates, 65. 

Rectangular form of complex num- 
ber, 188. 

Reduction of a cos 5 b sin 0, 137. 

Reduction of functions of any angle 
to functions of an acute angle, 77. 

Reference angle, 77. 

Regular polygons, 29. 

Relations among the functions, 
Pythagorean, llo; reciprocal, 5, 
li4. 

Relative error, 37. 

Resolving into components, 26. 

Resultant, 26, 110. 

Right triangle, solution of, 16, loga- 
rithmic, 61, spherical, 198 foot- 
note, solution of, 204. 

Root, of complex number, 191; loga- 
rithm of, 52; logarithmic computa- 
tion of, 55; square, 42. 

Rounding off numbers, 36. 

Scientific notation, number expressed 
in, 38. 

Secant, 67 ; of acute angle, 4; graph 
of, 161; inverse, 165; line repre- 
sentation of, 154, 156; period of- 
161, 163. 

Second of arc and of time, 236 foot- 
note, 241. 

Sector, 145; area of, 145. 

Segment, 145; area of, 145; direoted 
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figure, 37. 

Signs of functions in vuriHU.- qu:t«I- 

LUlt.', tlS. 

Sine, ^^7; :unitr iiiigir, •»: iiiMv!!* i. 
» !■ r, 137 , 125 : i 

5; -‘i, 157, p-. 

lt> 3 ; iiiv^r-*^ !fi 5 ; 
vnv 15.4, 155j 

j w-r hI * ’ f , 1 7)>, 1 ? 13 ; >• u ' ft ni t * 
5 jriiiuia i'tfr, 125: ver'-t^i, 5. 

Sines, law of, b0-s2: for :-phefiea! 
tnangh-, 211. 212, 

Small circle, 197. 

South, pole, 235; (‘eie.'-tial, 240. 

Sphere, urea »ff, 2tX); « eltMuil, 239; 
terreistnal, 235. 

Spherical degree, 200. 

Spherical excess, of ?M>iy<?u!i, 19*9; 
of triangle, 199, L’PIuiiierV for- 
mula ff )r, 200 ftwtnote. 

Spherical polygon, 109; areii uf, 21K1: 
exi*e.-,^ uf , 199. 

Spherical triangle, 197; art^a nf, 200; 
angular, i9.S footnote; exi*e.>*,- 
of, 199, L’Huilier’.'i formula nu', 
200 ffx>tnote; i'^oeeles. 20S; ob- 
liqut*. 21 1, .>ummary iuetia«d.': of 
r..iiution of, 233; right, 19S foot- 
note; trirectangular, 19S foot- 
note. 

Square root, 42. 

Standard position of decimal point, 
3 n, 77. 

Statute mile, 29, 230, 230 fooi- 

iHfte. 

Subtraction, of aj?j)rpxiniate nuii.- 
iw'rs, 39; of uoniplox number-, 18.1, 
get>nietrie, 1S7. 

Subtraction formula, iui- cosine, 124, 
125; for eotangent, 125; for -ine, 
125; ff»r tangent, 125. 

Sum of angles, functions of, 123. 

Sum of complex numbers, iS6, 
1S7. 

Summary, of formulas for functions 
of 90“ := 0, etc., 76; of methods of 
dilution of oblique triangles, 104, 
sphericab 233. 

Sums of functions, 131. 

Sundial, 242. 


Tables, = ; fur. *5:- r>. 11, i2 -U: 



Taiigenr, *u: .. .o i; 


:57; -.f. P-5, 

Tangents, law of, 9--.. 57 ■ - 5 

-'i.miiir-. 2:1. 

Terminal point > r' u.;vtO(i Ut:*: -.rg- 

nioLt. 122 . 

Terminal side 5,1, 

Terrestrial sphere, 235, 

Terrestrial triangle, 235,. 

Time, local apparent, 242. 

Triangle, 'noraieid. 211; r-r».- 
etlt'-. 29, ,'ph< rnui, 20S; Hhhque 
Oblique triangles r; rif4r«pje 
>;3heri ■.?.! i oy Oblique spheric^* 
triangles-; indur, IlH 2tl0; qimd- 
raiitai. 207; right i,^Kf Right tri- 
angle j; -pherie.il Spherical 

triangle 4 terre-tnul, 235s. 
Trigonometric equations, 1 77. 
Trigonometric form ut ffuiiplex num- 
fx^r, IsS. 

Trigonometric functions Func- 
tions, trigonometric h 
Trigonometry, 3; u-f‘^ of. 3. 

Trihedral angle, lOS. 

Trirectangular spherical triangle, 198 

fsHYr.ri'tte. 

Twice an angle, functions of, 127. 

Unit circle, 157 
Unit, imaginary, f, 1S5. 

United States nautical mile, 236 
u*ot!:<.ste. 

Value, ab-uhite, tu’ ^'’impiox uumber, 
iSS; principid, ui inverse trigo- 
nometric fun«*tions, 106. 

Vector, 109, 110; complex number as, 
1S7 ; radius, 6t3. 

Velocity, angular, 142, 143; linear, 
143. 

Versed sine, 5. 

Zenith, 240. 
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Odd-Numbered Exercises 


Exercises I. A and B, page 5 



sin A 

COS A 

tan A 

CSC A 

sec 4 


cot A 


cos B 

sin B 

cot B 
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Exercises 1. 

C pasc 8 







sin A 

cos A 

tan A 

CSC A 

sec A 


cot ^ 

1. 

i 


f 

n 

7 

5 

T 


1 

3. 

5\'26 

\ 26 
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v26 

v*26 



26 
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sm A 

cos A 

tan A 

CSC A 

sec A 

11. 

2\ ^ 
29 

5v29 

29 

2 

5 

V29 

2 

V29 

5 

13. 

v3 

2 

1 

2 

v'3 

2%/3 

3 


16. 

v'5 

5 

2\ 5 

5 


Vb 

v'5 

2 

17. 


1 

2 

ICO 

> 

2v3 

3 

2 

19. 

1 

2 

v3 

2 


2 

2v3 

3 

21. 


3v 5 

2\ 5 

7 

7\ 5 



15 

2 

15 

23. 

eos.4 = 

171“ — n* 

tan A = 

2mn 

CSC .4 — 

771“ -f * 

171“ — 71^ ’ 



A 

sec A = 

771^ 


cot .4 — 

m- ■— 71^ 



_ . 

2mn 


Exercises 1. D, page 1 1 


1. 0,8802. 
11 . 36 ° 40 ^ 
21. 24° O'. 


3. 0.2805. 6. 0.7112. 7. 0.0029. 

13. 17° O'. 15. 68° 30'. 17. 8° 20'. 

23. 0.8420. No. 


cot 4 


3 


3 

V3 

3\ 5 
2 

2mn 


9. 343.77. 
19. 77° 10'. 


Exercises IL A, page 19 

1. B - 55% a = 2.87, b = 4.10. 

3. B = 53% a = 39.94, c = 66.37. 

5. A - 53° 30', B = 36° 30', c - 28.60. 
7. A = 72° 30', a = 293.1, c - 307.3. 

9. A = 16° 40', B - 73° 20', c = 0.8937. 


11. 37.3 ft., 38.6 ft. 


13. 46°. 16. 63.1 ft. 17. 1418 ft. 

Exercises II, B, page 23 

1. 0.5185. 3. 0.8887. 6. 0.8200. 7. 0.3528. 

11. 0.0026. 13. 49.923. 16. 0.4603. 17. 21° 18'. 

21, 19° 12'. 23. 67° 46'. 26. 0° 45'. 27. 6° 5'. 

31. A - 20% B = 70% b = 18.79. 

33. B = 32° 48', a = 0.0240, b = 0.0155. 

36. A = 29° 49', B - 60° 11', b - 32.27. 

37. B = 70° 16', b = 63.56, c - 67.54. 

39. B = 44° 58', a = 8.230, c = 11.63. 

41. = 7° 22', B - 82° 38', 5 « 1.825. 


19. 120.6 ft. 


9. 0.7001. 
19. 21° 19'. 
29. 11° 28'. 
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m 


4^. B 7b' rs!!', f/ 

45. .1 -- 7 47 H - >2- .V'»7 -r *ft^r»4. 


47. KU.-i ft., .'i'i 
53. 2.4S ft. 

57'- 247 

55. 3.47 ft. 

49. bO.87 ft. 

67. 116 I ft. 

61. i.mofi. 

Exercises II. C, 

page 28 



1. 14.2 kin-t... 

‘2S- 12' W, 

3. 24,2 ft, 

, G,"* 


6. XI .78“ S' with ups^treaiu direction; ib- 15 mm, 

7. m'- 5S7 9. ai.04 lb. 


Exercises II. D, page 30 

1. IHT* 307 9.8.3 in., 47.0 s<p in. 3. 21" 58 7 79 I , 79 17 

5. 122“ 07 7. S.42 in. 9. 4r 257 198.4 sq ft. 

11, tai lO.lS in.. 15.39 im, 709.4 h|. in.; J>i 21.93 in,, 20.01 in., 1391 
in.; (c) 21.00 in., 21.33 in., 1442 sq. in. 

13. 15.35 ft., 12.42 ft. 


Exercises II. E, page 34 

1. c = 70h b = 29.5, r = 28.2. 3. /? = 74^ 27 - 35* 587 6 - 8,2. 

6. A = 95^ 447 B = 40^ 277 C - 43' 487 

7. .4 - air 167 B = 29' 447 h 52.9. 

9. 0.13 mi. = 1580 ft. 11. 127 ft. 13. 105 ft. 16. 409 ft. 


Exercises III. A, page 39 

1. 12.3, 29.9. 4.1, 1.40, 0.25, 0.22, 08, 0:5.2, 2.1KM}, 2,m. 2.3th 2.34, 
2.35, 2.35. 

3. 0.002, 0.00005, 0.00001, 0.25, 0.02. 

6. 1Q.Q2, 10.20, 0.20, 0.02, 0.020, 25000 25Q6, O.OOm 0.2Q.50Q, miO, 

^ ^ ' BJI 

7. 18,000,000, 0.000,023.5, S4S,200,(KX), 0.000,000.003,7, 

Exercises III. B, page 43 

1. 1490. 3. 55.04. 6, 23171K). 7. 18800. 9. 1,242, StX). 

11. 2.93. 13. 27.95. 15. 147.2. 17. 190500. 19. 2.60. 

21. 41.02. 23. 4.241. 25. 0.8272. 

Exercises IV. A, page 48 

1. 2. 3. 3, 6. -1. 7. -1. 9. -3. 

13. 1. 15. 3. 17. 0. 19, 5. 21. -2. 

26. 1. 27. 3. 29. -1. 31. -2. 33. 7. 


11 . - 1 . 
23. 1. 
35. -1. 
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Exercises IV, 

B, page 50 



1. 1.8:5251. 

3. 2.55509. 

6. 0.30103. 

7. 3.69S97, 

9. :5.92572. 

11. S.33365 - 10. 

13. 5.39794. 

15. 0,89492. 

17. L2()27o. 

19. 0.47195. 

21. 3.83154. 

23. 4.73.501. 

26. ^.mm. 

27. 0.94298 - 10. 

29. 0.99992. 

31. 4.99999. 

33. Q.mm - 

10. 36. 2.91908. 



Exercises IV. 

C, pagfe 51 



1. 5.9000. 

3. 863.00. 5. 0.64980. 7. 

0.000,000,578,80. 

9. O.OtHkSOO. 

11. 0.049074. 13. 0.001,576,4. 16. 

0.066567, 

17. i,427,7(X). 

19. 6.8305. 21. 88.202. 23. 

10.002. 


Exercises IV. D, page 56 

1. 1489. 3. 1.16. 6. 15700. 

11. 0.117. 13. 0.9564. 16. 92,024,000. 

21. 38.122,000,000.000. 23. 299.83. 

29. 47.002. 31. 1.146 X 10'‘ 

37. 2.9295. 39. -0.020629. 

Exercises IV. E, page 59 

In e.xercises 1-23, — 10 is to be appended. 

1. 9.68557. 3. 9.99067. 6. 10.50704. 7. 9.34276. 

9. 9.81519. 11. 9.13078. 13. 10.23101. 16. 9.84933. 

17. 9.71647. 19. 9.22613. 21. 9.92504. 23. 10.71142. 

26. 20° 14'. 27. 63' 41'. 29. 57° 0.5'. 31. 11° 0.1'. 33. 57° 37.8'. 

36. 38° 12.4'. 37. 39° 11.8'. 39. 81° 13.5'. 41. 49° 25.5'. 43. 88° 24.4'. 

46. 87= 15.0'. 47. Impossible. 49. 2.855. 61. 97.035. 63. 0.18058. 

66. 147.33. 67. 0.86142. 59. 1362.4. 61. 37° 52.9'. 

Exercises V. A, page 63 

1. .4 = 39° 25', B = 50° 35', c = 1250; 383100. 

3. ,1 = 47° 53', B = 42° 7', b = 0.1846; 0.01885. 

6. .4 = 51° 52', B = 38° 8', a = 6385; 16,000,000. 

7. .4 = 31° 45', b = 77.63, c = 91.29; 1865. 

9. .4 = 66° 51', a = 1765, c = 1920; 666200. 

11. .4 = 26° 23.0', B = 63° 37.0', 6 = 5728.8; 8,139,400. 

13. .4 = 33° 39.4', B = 56° 20.6', a = 574.16; 247560. 

16. A = 63° 42.8', 6 = 165.90, c = 374.61; 27861. 

17. A = 37° 50.2', a = 44.909, b = 57.820; 1298.3. 

19. fal 101.05; (b) 7319.2. 21. 12.478 cm. 


7. 1217. 9. 0.2247. 

17. 0.62764. 19. 7.2292. 

25. 0.97422. 27. 0.4544. 

33. 2.1064. 36. 2.7314. 

41. -21.544. 43. 19.594. 
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fxerc/ses VL 

page 

70 




sin 

cos 

tan 

CSC 

sec 

cot 

1- 

2 

-] 

\ 2 

V '2 

-1 

-2 

.. 

% -S 

o 

— 2 

2x :i 



2 

•j 

1 

-x 2 

-X 2 

1 

2 

2 

V O 

2 


2x 

— \ 

9 

2 2 

11. 

-r 

.. 2n 3 
13. -., - 

16. - 

13 , 

.^. + v3. 

17. j - \ 2. 

19. 2 4- . 

21. 4. 23. 4. 

26. 1 

27. 0. 


Exercises VI. B, page 78 

1. ia' i^iii 20" or cos 70"; 'b; —cos 35" or —sin 55’; 

ici —tan S)’ or —cot 10’; sdi esc 50' or see TO’; 

(ci —sec 8’ or -esc 82"; n' ■ —cot 82’ or —tan S’; 

sg) sin 43’ or cos 47’; .iii —cos S4' 50' or —sin 5’ 10’; 

vi) —tan 17’ 50' or —cot 72’ 4'; Q- —cut 54’ 42' or -tan 35’ 18': 

ik) sin 65’ 39' or cos 24’ 21’; (1 1 —cos 87" 47.2' or —sin 2" 12.S‘. 

3. (a* 0.57358; tb* —0.40674: (c) -3.7321; f.d) 1.5617: 

(e) 0.77715: (fl -0.97499; (gl -0.60626: ih) 0.97622; 

!ii -0.29654; (j'l 0.30486; (k) -0.36397; (,l) 0.09277. 

6 . 0 . 

7. lai 18’ or 162’; (b) 60’ 10'; '’cl 70’ 30'; (di 30’ 20'; 

(ei 42’ 10' or 137’ 50'; tfl 140’ 30’. 

Exercises VIL A, page 83 

1. r = 30’, 6 = 12.6, c = 6.4. 3. S = .37= 10'. a = 3.5. c = 4.1. 

6. .4 = 93’ 40', a = 324, e = 314. 7. 9.4, 6.7. 9. 12.6, 5.:14. 

11.92.2 ft. 13.110 ft. 

Exercises VII. B, page 87 

1. B = 23’ 41', C = 116’ 19', c = 11.2. 

3. .4 = 23’ 48', C = 120’ 2', c = 45.5. 

E. B = 43° 37', C = 63’ 3', c = 2.3. 

7. .4 = 84’ 12'. B = 80’ 8', 6 = 34.7: 

.4' = 95° 48', B' =■ 68’ 32', 6' = 32.7. 

9. 7.48 in. 11. 54,3 ft. 
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Exercises VII. C, page 90 

1. .1 = 51-', C = 69'-, Ij = .5.6. 3. B = 41=, C = 121=, a = 0.77. 

6. .1 = 53= 25', B =31= 35', c = 285. 7. 14.4 mi. 9. 3.62 in., 7.20 in. 
11. 175 ycl. 

Exercises Yll. D, page 91 

1. .1 = 28= 57'. B = 40' 34'. C = 104= 29'. 

3. .4 = 75° 26'. B = 56° 4'. C = 48° 30'. 

6. .1 = 16° 16', B = 73° 44'. C = 90° O'. 

7. .4 = 38° 56'. B = 34° 11', ( ’ = 106° 54'. 

9. 35° 42' E or \V of S. 11. 57= 10', 122° 50', 23.5 in. 13. 12.07. 

Exercises VII. E, page 94 

1. A = 33° 9.9', a = 435.71, c = 787.53: 156030. 

3. B = 15° 57.0', b = 5.4420. c = 17.865; 36.400. 

5. B = 111° 11.3', a = 102.19, b = 491.06; 21190. 

7. B = 42° 12.8', a = 514.73, c = 1025.0; 177250. 

9. .4 = 42° 7.7'. n = 0.18940, c = 0.26964; 0.013004. 

11. 15.223 in.. 18.439 in. 

Exercises VII. F, page 95 

1. .4 = 57° 59.9', C = 23° 36.6', c = 29.526; 913.08. 

3. .4 = 104= 32.3', S = 40° 1.9', a = 5888.4; 6,678,200; 

A' = 4' 36.1', B' = 139° 58.1', a' = 488.04; 553500. 

6. .4 = 63° 8.3', B = 67=32.8', b = 89.534 ; 2933.9; 

.4' = 116=51.7', B' = 13=49.4', 6' = 23.147; 758.48. 

7. .4 = 103=21.9', C = 48=48.8', a = 0.67733; 0.082812; 

A' = 20° 59.5', C' = 131° 11.2', a' = 0.24939; 0.030491. 

9. -4 = 134° 37.3', C = 25=8.2', a = 94.370; 919.44; 

.4' = 4=53.7', C = 154= 51.8', n' = 11.314; 110.23. 

11. Xo solution. 13. 7423 ft. or 3344 ft. 

Exercises VII. G, page 99 

'The answer for the third side may differ slightly from that given; it de- 
pends on the formula used. 

1. .4 = 57° 50', B = 58° 32', c = 300.9; 36490. 

3. 4 = 38° 52.7', B = 8° 49.0', c = 43.017; 120.36. 

6. A = 153° 17.5', C = 14° 14.0', b = 32.381; 268.22. 

7. -4 = 23° 26.2', C = 19° 2.6', h = 819.00; 64450. 

9. S = 46=23.8', C = 90°, <1 = 17120; 153,880,000. 

11. 2577 ft. 
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Exercises VII. H, page 103 


1. .1 - -H4.S'. /i =- 101 MT.r :>4 10 s 1 
3. .1 4!.> . Jf - W- ‘ShS, < 4-.< 74.74’ 

6, .1 - Iv) 32.li , K = .’ll)' 4n.> , I =. iCi 4'. * ' ! 752 -isiUjOfl. 

7. .5 - -'EO ;i4 U , />’ - 2t. ,*>U , > - 1(K.J 21 0 , 

9. A ■■= 2S.^ 11.'.’. H = 34 4.V', r ^ 117 111 2 ; 1 SN>i. 

11. 4!.r)l fl. 


Exercises VII. I, page 105 

1. r = .•.2' h = 021.1)4. (■ = ,>l)).l(i; 1:12100. 

3. .1 = C.’r 21.S'. h = i.ossg. <• = 4,7.S2I; ;i.,>121, 

6. .4 = 127" 9.4', n = «' 24.4'. C = 40 2i;.2': 0,11271177. 

7. .1 = 27=2S.O'. B = 120" .5.7.4', c = 2ti0,2!): 2t):i4,5 

9. .1 = 40" 26.3'. B = 0= 24.4’. h = 74200; 279,702,000. 

11. B = Bl- 1-2:2', (! = 303.4.5. <• = 271,32: 40t.VV>. 

13. .1 = 46"23.S'. r = 20" 21.2', 5 = O.&iOO; 17.730. 

15. .1 = 20" 21.6'. B = 100" 40.0'. < ' = 40" o7.!>'; 7S.S.70. 

17. C = 33= 43.0'. a = 487.51, b = 0.S9.03: 93310. 

19. .1 = 99= 40.1', B = 28= 20.0'. r = 1S2.:57; 0873.5. 

21. 975,25 ft. 23. X SO" 2’ 5V. S 10" 0' E. 26. 885.2 ft. 

27. 31830 ft. 29. 927.0 ft.. 742.6 ft., 35" 20..V. 

31.751.5 ft. 33. 39" 41’. 35.42.9 ft. 37.19.800,3.5.090.44.504. 

39. 57.07 rd.. 96.11 rd.. 134..50 rd. 49. 48= 26'. 

Exercises VII. J, page 112 

1. 15.18 lb., 44= 24'. 

3. 60" with vertical and from front to back of windows. 

6. 49= 28’. 7. .36.5 mi. iir., X 18= 21' W. 

9. 127° 10', 90= 22', 142" 27'. 

Exercises VIII. A, page 117 


sin 8 

cos $ 

tan 8 

CSC 8 

sec 8 

cotB 


T3 

¥ 

H 

¥ 

A 

2V13 

3vl3 


_v/l3 

xns 

_3 

13 

13 


2 

3 

2 



vn 

Sv^f 

5 

2v'21 



2 

21 

2 

21 

_V2 


-1 

-\ 2 


-1 

2 

“A 

2 

24 
— T5 


2 1 

_|A 

¥ 
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11. 


2 


2 

, 2v3 

3 

±v^3 

13. 

2v2t) 

29 

29 


.VS 

2 

■^va 

5 

_o 

2 

16. 

29 

,5V29 

29 

2 

0 

, VS 

±yp 

5 


17. 

2 

2 

^ v3 




19. 

- 6 

0 

. 2% 5 

az — i™ 

0 


ik V5 


2 

21. 

1 

3 

.2V2 

^“3“ 

-f 


.3V2 

4 

±2V2 

23. 




,2V3 

3 

=F2 

V3 

3 

26. 



=F2V2 

, 3V2 

4 

-3 


27. 

10x^01 

101 

, viol 
101 

10 

, VM 
10 

rb VlOl 


29. 

3 




=k V3 

V2 

2 


31. (a) ±f^, ± 1 ^; (b) ±ffl> (c) It) l<i) 

(e) ±^sry (0 tttj 

(g) %T*’ Wi W; 

(h) (i92m2 ± mtnn f lQdn^)ll92, (192m2 ± 304mri - 105n2}/192. 



fx«rcis€s VIII, B, p^tgt 120 

41 . " ^ 






J” 

i 

1 - 

'11 



> 





"H 

•** 








i 

T 1- 

7 

7 

? 

' 7. 

7 f 

> 


> 


> 



T 





-- 




1 

*L 7 



s ^ ^ 

7. ~* 


L 



Y' / 


> 

> 


■ > > 


“H 

“T1 


-H 


<55 


Sj 

ora 

«S5 S 


Si 

5 

s 

; S -f" 

-i- ■ 

i 


s • 




> 

j 

“H 

li 


-H 

4i ! 

Si 


S: 

Si 

Sa 

» 

'X 


'x 

'x 

*Z- 

! ^ 

<55 

'£ 

■ 2: 

"T" 

^ E 

- 7 

. ^ “ 

55 y. . ^ , 

—4 X* 9 ; 

> 


> 

> 

.>• 

M 



+: 



Si 

c< 

: Ss 


s s 

i 

- 1 

I *5 1 

:> i 

1 '==> ; ;'? . 

1 

‘'ill 0 

i -5 *1 ^ 

. ^ ^ J -I 


1 > ' 

i ^:> 




^ i\ ; 

1 -H 1 


-fl ■ -H , 


I i 
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! 

If 

1 a , 11 . 

1 

i 1 

i *=Ci 

Si 
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1 i 

1 x 
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7 
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Exercises VIIL C, page 126 

3. :l(vB - ^ 2 - v'3 “> -I- Q 

19. (at (bi (j.) -.1-^5; cd) -fj|; 

'ei -Hi- -h« _•■->.<! isSiK^-/ «6f, (I; -l-j!; 

S ?®hl *' (f) 

Exercises VIIL D, page 130 


3. 


V3 


-V3, - 


v3 


^ v‘2). 2 - vS. 2 + V3. 

7. (a)±rt-^: ih]-^; (e)±rV¥V; (d) 

Exercises VIIL E, page 132 

U. 2*.47-„,3--. 2„.43-Ls” J 

lS.2™i.„W. 17.2 c„S<LJ 


Exercises VIIL F, page 133 


23. (a) irMy ' ; (b) iffsi. ±Mf.- M 4 <._s 

(d) i42Ji S?7 . , aL VC; Xfe-, F&T, 

“-gri J 4 SIS' } w ± ? =hi44^ * ffl - 4- 8 9 7 I 10‘>3 

(g) ; (h) fit : ; (i) fjl "||V . (^3^11^ . 




-1^2 . ,_7v'2 , ^2 , , 1 




-7; 


W ***’ (.•) -tm: 

27. iVlO^- 2Vo, 4(1 -b V5), Vi- 2Vl, iv 25 -b lOvo. 

29- A(V6 V 2)(V5 - 1) - 4(V3 - l)^/FTvf, 

31. ^>^'5Tv^ + t^(V 6 - V2)(V5 - l). 

Exercises VIIL G, page 138 

i* \ + ^). -^ = arceot ^ = 22° 37'. 

60 ). 7. V2 coB'.e - 45°). 9. 0997 eos(e -|- 73° 44'). 


rf*l Oi 
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fx«rci$cs IX, A, page 140 


1. a 

T ^ , # W 

1 do 

4ir _ 
15 ' 

j .IT . i4r T 

l>^ ■ 6 q iq 


2ilr , . 7 t 

. Ut 

6llr . i:ir 

■ -iw ’ 135 


"iV" ’ 120 

' " 

3. a 

IS": 15-; 

12": ; 

d 10 ; f! l-2(i : 135 g 270'; 


150^: i^30b 
75"; ’p- 140“, 

j-2": 

laS'; ,! 144 ; .in 54 . 84"; 

5. -a 

3S^ 52.4^b 

.b 3S 

■ n'49.'r: (c; 16"22’ l-2.S"; 

-d’! 

162" 2Cr 17'^ 

iC' 1S3" 

20' 47.4": fi 70' 4'.»' 3,3"; 


7- 4-* 54.3''; 

ihi 22- 14’ 5-2.S". 

7. 

~ : (bi ; fc» 7 ; id^ 

.3 6 4 

3t 

9. -..a) 

JL • (bl — • 
12 ’ 720 ' 

18 

n. . IOt 
' dM>r; e • 


11. >a) ~ : (b) ; (c! 1: I'di u-i -v^2: <J> 2: gi -1; 


(hi 0.76604; (i) 0.1.5S3S: 'Ji -2.07(55: k! -0.2S173: 

4) 0.97095: (m) 0.84147: 'lO -0.6662S; Ut: l.SSotj; pi 2.1520; 
up 0.01000; (r) 0.862.32. 

Exercises IX, B, page 144 

1, 1.4. 3. 3 ft. e^in, 6. 10 in. 7. 1.9263 in. 9. 2640. 

11. sec.; (b) 240 t ft. sec. 

Exercises IX, C page 146 

1. 13.5 sq. in,, 1.2305 sq. in. 3. 5. 10.05 in. 

7. 144 sq. ill. 9 . (a) 15 sq. in.; (b) 4.687 eu. in. 11. 103.0. 

Exercises IX. D, page 150 

Tabie Ilia of the Macmillan Logarithmic and Trigonometric Tables 
was used in obtaining some of these answers. 

1. (a) 0.02132; (b) 0.02132; (c) 46.903. 

3. (a) 8.19904 - 10; (b) 8.19910 - 10; (c) 1.80090. 

6. 153.6. 7. 2160 mi. 9 . 2.5 X 10^® mi. 11. 238500 mi. 

13. .4 = 0° 45.2', B = 89° 14.8', c - 57.958. 

15. .4 = 174° 15.4', B « 3° 3.5', C - 2=41.1'. 

17. .4 - 59° 25.0', b - 0.13531, c = 0.072393, 
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Exercises IX, E, page 152 

1, 40. 3. 2m ft. 5. S3 mils. 7. 43 mils. 0. 20 

11. 0^ 33' 45", 2^ 4S' 45", 5' 37' 30''. 

Exercises X, A, page 163 

16. ^ -f nr. 

4 

23a). 2x. 23 3). 2 t. 23(5). 4x. 23(7). 2x. 23(9).^- 
23 111. 4. 


Exercises XL A, page 173 


3. 


9. 


3t 

T’ 

T 

“3 ’ 


3x 


6. 1 , 2«t =b • 


7. 


TT T 

4 ’4 


+ w.x. 


— ~ -h tlT. 


11 . 

0.240, tiTT 

■+( 

-1)’' 0.240. 


13. 0.980, 

0.98C 

) 4“ 7 ?T. 


15. 

1.5S1, 2n 

T =fc 

1.581. 


17. 0.7297, 

, riTT ■ 

■f (- 1 )" 

0.7297. 

19. 

1.1071, 1, 

.1071 

4- 71X. 21. f 

. 23 

1 . A. 25. - 

A- 27. iff. 

29. ±f. 

31. 

33 

. X. 

36. 4= 



37 , ± — 4 


39. =fc 

X 

3 


VI - 

X- 

VI - 

- X- 

vrri^ 

41. 

iVlT 

X-. 

45. -in-. 

47. 

1, 49. 

1 

^-9"* 



53. 


55, : 


67, 


47 

1073 

,817 


“1189 


2o 2d 

1105 ■“ 

1105 

1105 

’ 1105 ' 

77. 

77X 4” (“ 

l)"e. 

79. e + WTT. 






Exercises XI L A, page 181 

1. 71 ■ 180=. 3. 45= -h n • 180=. 6 . 75= 58' + n • 180=. 

7. 90= + • 1S0=, 210= -f 71 • 360=, 330= + n • 360=. 

9. 90= 4- n • 1S0=, 26= 34' -f 71 • 1S0=. 

11. 45= + n • 1S0=, 161= 34' -h n • 180°. 

15. 60= -f n • 180°. 17. 11^-= + n • 22^°. 

19. 12= + n ■ 36°. 21. 26° 34' 4* w • 180°. 

23. 7i • 360°, 90= -h n • 360°. 25. 126° 13' -f • 360°, 174° 25' -f n • 360°. 
27. 15= 4“ 71 • 360°, 285= + 77 • 360°. 29. 71 • 180° ± 45°, 90= -f- n • 180°. 

31. 72 • 360=, 45= 4- 71 • 90=. 33. 77 • 360= ± 50° 36', 7i * 360= d: 129= 24'. 

35. 71 - iS0=, 220= 39' -h 7i • 360°, 319° 21' 4- n • 360°. 

37. 240= 4- 71. • 360°, 300= + 77 • 360°. 

39. ,r > 0, r = 4“ ?/". 0 — Arctan - 4- 2777r, 

X 

7* = Vx~ y- d = w -j- Arctaii ~ 4- 2nx: 

X 
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< (!. r 6 - T ‘r- Arrtaii 2 nr. 


r - -* V j"= V*. ^ ~ Ari^tari ' 

0. > ll r ^ 

< 0. r = zs:>% ^ "T 2 nr, 

y =r 0. r = 0, ^ nieaniii^leN>. 

41. 0 -r 45' 30* 1 1 - • :>0^ 20' - .w. - 2 a'- 1^)', 

O - 45^ 50* ~ - i • mr 2»)' - ■ -- 2r ■ iSiV, 

when‘ A', m arr* any iuti-giTs. 

43. e - 513^ 40' -- ?// • dm\ 6 ^ 37“'-' 40* n • 

d ^ i20~ 14' ^ m • Zm\ fp - 217^'' 46' 4- n . mV' : 

d ~ 23^3'' 46' 4- yn • 3ij4)', <p = 142" 14' n - 

B ==• 14' - ?/i ■ 3tj0\ p - 322" 14’ - .n • my, 

47. 1 . 9346 . 49. 0.4797.* 51. =hO.S24l. 63. 2,86.12. 

55. 0. 2=0.9477. 67. -3.1423." 59. Identity. 61. ri • ISCf . 

63. Identity. 65. Identity. 

Exercises XIII. A, page 187 

1. S "t" 6i. 3. 2 »ii. 5. 6 f 5i. 7. — 1 7n 9. 1 -f 3i. 11* 14. 

13. 5 - 2i. 15. -5i. 17. 11 4- 3i. 


Exercises XIIL B, page 189 


1. 5\ 2 cL? 135\ 

9. 17 ci? 241 ' 56'. 
15. 7\'2 eis 225“. 

21. ^cis33-41'. 
6 


3. 2 CIS 30'. 5. 5 ek 52‘. 7. 6 ei- 90“. 

11. V l3 cis 56^ 19*. 13. v 26 ei- ;34S' 41'. 

17. 10 eis 30t»'' 52'. 19. v .53 eis 034" 3'. 





27. lOi. 29. -4i. 31. 1 - i. 33. S.I915 - 5,7:iSSr, 

35. -4.6984 - l.TlOli. 37. 7.t3604 ^ 6.4279 l 


Exercises XIII. C page 1 90 

1. 15 cis 110\ 3. 2v'2 eis 105^ 5. 12 ds 110\ 7. 3 d^' mf - 3i. 

9. cis 195=. 


Exercises XIIL D, page 1 93 

1. 343 ds ,54\ 3. 32 cis 90" - 32i. 5. 2500 ds 180" - -2m. 

7. ds 176". 9. ck ISO" = -1. 

* Other stilutions exist. 



272 


ANSWERS TO ODD-NUMBERED EXERCISES 


11. 10-' cLs 300’ = 0.000.000,5(1 - iV3). 13. 3 eis 40’. 3 eis 220=. 

15. 3 eis 9 ', 3 cis 129=, 3 cis 249=. 

17. •>^'2 cis 20= = 1.1S39 + 0.43092f, ^ cis 140= 

= -0.96514 + 0.809S6I, v 2 cis 260= = -0.2187S - i.2408i. 

19. cis 0= = 1, cis 120= = -5 + ^. cis 240= = -1-1^. 

21. ^/2 cis 45= = 1 + t, V'2 cis 105° = -0.36603 + 1.3660t, 

V2 cis 165= = —1.3660 + 0.36603t, v'2 cis 225= = — 1 — i, 

V'2 cis 285= = 0.36603 - 1.3660t, V2 cis 345= = 1.3660 - 0.36603i. 
23. V2 cis 45= = 1 + i, V2 eis 117= = -0.64204 + 1.2601i, 

V2 eis 189° 1.3968 - 0.22123i, V2 cis 261° 

= -0.22123 - 1.3968i, V2 cis 333° = 1.2601 - 0.64204t. 

26. 1, 0.30902 ± 0.95106i, -0.80902 ± 0.58779i. 27. ±~(1 ± i). 

29. ±(1.8478 + 0.76536t), ±(0.76536 - 1.8478i). 

31. Same as Ex. 25, discarding x == 1. 

Exercises XV, A, page 207 

1. B = 153= 58.3', a = 67" 7.0', b = 155° 46.7'. 

3. A == 105" 52.3', a = 117" 13.7', b - 33" 32.7'. 

6. a - 69" 34.9', b = 134° 59.4', c = 104" 16.8'. 

7. A - 81" 43.0', a = 70" 16.2', c = 107" 58.2'; 

A' = 98" 17.0', a' ^ 109" 43.8', c' = 72° 1.8'. 

9. A = 78" 31.9', b = 112" 48.5', c = 94" 46.8'. 

11. A - 127" 23,3', B = 109° 52.2', b = 115" 19.6'. 

13. A = 74" 15.2', B - 30" 30.8', a = 57° 41.5'. 

16. No solution. 

17. B = 72" 54.2', h = 46" 29.5', c = 49" 21.5'; 

= 107° 5.8', b' = 133" 30.5', c' = 130" 38.5'. 

19. B = 20" 49.8', a - 44" 44.0', c = 46° 40.1'. 

21. arctan V'2 = 54" 44'. 

Exercises XV. B, page 208 

1. A - 64" 40.4', B - 49" 47.1', C = 106° 2.0'. 

3. B - 111" 25.9', a = 117° 4.3', b = 108" 59.2'. 

6. B = 28" 14.0', C = 78" 53.3', 6 = 28" 49.4'; 

B' == 151° 46.0', C' = 101" 6.7', b' = 151" 10,6'. 

7. A - 118" 32.6', B - 33" 20.4', C = 66" 28.3'. 

9. A = 47" 25.6', C = 107° 50.2', a = 50" 40.8'; 

A' = 132" 34.4', C' = 72° 9.8', a' = 129" 19.2', 
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fxerc/ses XV. C, page 209 

1 . li = IW 14.4', (i r = rr 
3. .1 = io;{' 2S.4'. /i = nil 

h. li ~ (' = 49' l.li’. h ^ i- --.r 7S' 

If- = r’ = 130' 38.7'. -- lor 39.7'. 

7. !i = 6 = 94 - ItJ.l'. f = W- 4S.2‘. 

9. H = no- .35.4'. f = 02' 1,5', i = 110= 32.0'. 

11. .1 = 73 = ( ■ = iW 15.2'. 13. .4 = B = C 102° 7.8'. 

15. i ~ h = c = *38' ;i0.5'. 

Exercises XVI. A, page 220 

1. iH'. Obtus<?: fb) acute; U't acute. 3. Obtuse. 6. a obtuae, c acute. 
7. .-Veutc; .1; ubtu-se; |(.4 t- Ti. k B -r r\ B, f; 90=: J-(.4 + B). 

Exercises XVI. B, page 223 

1. .4 = 128= 4.2', S = 51= 34.2', C = 73= 14.0'. 

3. .4 = 65= 10.0', B = 98° 50.6', C = 125° 17.8'. 

5. .4 = 77° liO.O', B = 63° 17.0', C = 107° 23.2’. 

7. a = 47° 44.8', b = 132° 40.6', c = 103= 11.6'. 

9. No solution. 

11. .4 = 45° 25.0', B = 33° 59.4', C = 118= 42.0'. 

13. .1 = 83= 5.8', h = 102=31.6', e = 94=26.2'. 

15. No solution. 

17. a = 126= 36.6', 6 = 118° 13.4’, c = 83= 24.0'. 

19. a = 46= 11.4', h = 74° 15.4', c = 86° 10.8'. 

Exercises XVI. C page 227 

1. -4 = 55° 52.4', S = 20= 10.0'. e = 66° 20.8'. 

3. -4 = 144° 33.3', B = 112= 46.5', c = 136° 50.8'. 

6. .4 = 121° 33.5', B = 43= 13.5', c = 62= 11.6'. 

7. a - 95° 38.0', b = 41° 52.2', C = 110° 48.8'. 

9. a = 123° 21.4', c = 84= 15.4', B = 129° 4.6'. 

11. B = 95° 38.1', C = 97= 26.5', o = 64° 23.2'. 

13. a = 89° 30.3', c = 62° 32.1', B = 1°41.4'. 

15. .4 = 96° 2.3', B = 125“ 43.7', c = 100° 48.0'. 

17. (1 = 47° 29.3', 6 = 50° 6.3', C = 129° 58.6'. 

19. .4 = 142° 16.3', B = 46° 7.1', c = 89° 28.2°. 

Exercises XVI. D, page 232 

1. B = 22° 34.8', C = 101° 16.0'. c = 50° 36.6'. 

3. B = 59° 24.4', C = 115° 39.8', c = 97° 33.2'; 
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B’ = 120" 35.0 . C’ = 27" 0.2', c' = 29= 67.4'. 

6. Xo folutioii. 

7. r = 101=42.0’, b = 31" 24.7', c = 147= 10.6'; 
C = 36=45.4'. 5' = 14S=35.3',c' = 19=20.8'. 

9. Xo solution. 

11. B = 87" 34.5', C = 53= 6.6'. c = 52= 27.2'; 

B' = 92= 25.5'. C = 25= 20.2'. c' = 25= 12.0'. 
13. B = 97- 21.4', >: = 59= 3.2'. h = 120= 9.4'; 

B' = 58= 55.4'. a' = 120= 56.8'. V = 48= 19.2'. 
15. B = 148= 0.3’. C = 130" 21.4', c = 62= 9.0'; 

B' = 31" ,53.7', C = 6= 17.6', c' = 7= 18.4'. 

17. C = 36= 38.8', b = 51= 17.9', c = 41= 4.6'. 

19. r = 8= 17.6', b = 125= 23.2', c = 6° 51.2'; 

C' = 139= 39.0', b' = 54° 36.8'. c’ = 147= 36.8'. 

Exercises XVI. E, page 233 

1. .1 = 38= 27.5', B = 92= 38.3', c = 23= 59.0'. 

3. a = 80= 5.2', b = 70° 10.4', c = 145° 5.0'. 

5. .1 = 80= 14.8', b = 145= 55.2', c = 119= 22.6'. 

7. B = 31= 53.7’. r = 6= 17.6', <■ = 7= 18.4'; 

B' = 148= 6.3', C = 130= 21.4', f' = 62° 9,0'. 
9. .4 = 98= 56.0'. B = 66= 18.0', c = 103= 30.6'. 
11. a = 98= 44.8', 5 = 83° 25.0', c = 75= 23.2'. 

13. a = 74= 36.4', 5 = 112= 16.6', c = 72= 33.4'. 

15. C = 36= 38.8'. b = 51= 17.9', c = 41° 4.6'. 

17. .1 = 50= 30.2', B = 135° 5.5', a = 70= 20.4'. 

19. .4 = 53= 30.4'. B = 51= 58.4', C = 149° 13.4'. 

21. B = 85=41.2'. a = 47=48.4', c = 59=39.2'. 

23. .4 = 23= 17.8'. B = 146= 25.6', C = 35° 53.4'. 
25. C = 53= 30.4', a = 88= 20.8', b = 66° 46.0'. 

27. C = 139= 39.0', 6 = 54= 36.8', c = 147= 36.8'; 

C' = 8= 17.6', ¥ = 125° 23.2'. c' = 6° 51.2'. 

29. C = 155° 51.0', 6 = 125° 22.7', c = 155° 48.0'. 
31. 21.67 in., 25.89 sq. in. 33. 1.645 in. 


Exercises XVII. A, page 238 

Distances are given in nautical miles. To convert to statute miles, 
multiply by 1.1516. In Exercises 1-7 the first direction is the bearing of 
the second point from the first, the second direction is the bearing of the 
first point from the second. 

1. 2229, X 78° 19' W, X 69° 54' E. 3. 6797, S 63° 54' E, N 55° 32' W. 



answers to ODD-NUMBtRED EXERCISES 2/5 

5. "T-t. > <>.'» 2V i;, N ,T1 i-/ \\ , 7. rj-,7, > n" < j_-= ] ■ 

9. .'27 liii. 11. a S42 ,‘.4 L. j. > ii o’ K 13. 

Extra ses XVII. B, page 245 

1. ItMisa-in, 3. ;}4 S \\\ 5. .io 1.) .\, 7. 

9. a 13" .’>.1'-; h .■ Ji-.V-. 
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PREFACE 

Ti;r r<f iLi- mntainB all of the tables in the 

; V :■ ■’> t iiiti'/i:,*. ^ AH Lave ! rv^^t iu a mnv and very readable ty|it\ 

1 5 r« at eare^ esTei't'd tu prest‘rve and to inereit^e the ^reat 

,ir^r»'e jrjutlality that existed in the prevums edition. For careful 
r-aOniiz et e:th«‘r in tlie first p-r.^ofs omde from or in the 

plates, I am ii.-.ir-h>»* i to my daii»;hter Eliml^th 
and ner niiroand, Mr. Ricliard L. Miller, to several of my own students, 
and to t!>e foilowin|T fnt_.nds in other institutions, sometimes the 
aid Cl t.a'ir students: Professor C. H. Currier, Brown Univemty: Fro- 
H. T. Davis, University of Indiana; Professor IL B. Dmght, 
Massaeiiuscdts Institute of Technology; Professor \V. B. Ford* Uni- 
verdty of Michigan; Professor A. M. Harding, University cif Arkansas; 
Prote*^’^4.>r C . D. Jaeger, Pomona CaJlege: Professor L. S. Johnston, Uni- 
%'r‘rsity ot Detroit; Prufe.v^ors A. J. Kenipner and C. A. Hutchinson, 
I rivers ity of Colorado; Professor G. W. Mullins, Barnard College 
f.Colurnbia I niversity'-; Professor L. M. Passano, Massachusietts Insti- 
tute of Technology; Professors H. L. Rietz, Roscoe Wowis, and J. F. 
Reilly, I niversity of Iowa; Professor E. E. Watson, Iowa State Teachers 
College at Cedar Falls; Dr, E. W. Wilson, Cambridge, Ata^ss.; and Prcv* 
fe.NSor Kathryn \\yant, Athens College, Athens, Alabama. Each of 
these ])ersons or groups has read the complete pr<K»f . With deep feeling, 
I may record also that the late Professor Louis Ingold of the University 
of Missouri read the proofs up to page 54, and had sent me the last of 
tliese pages within a week of his sudden death on January 25, 1935. 

These careful readings render the possibility of printers’ errors ex- 
tremely remote. While the calculation of the probability that an 
undiscovered error exists is not simple, a strict account has b^n kept of 
each error found and of the total number not found by any one group of 
readers, so that a basis for a statistical calculation is known: the result- 
ing probability that even one undiscovered printers’ error exists is not 
more than one in many thousands. 

I desire to express here my thanks to all those, particularly those 
mentioned above, who have assisted in the effort to make these tables 
so free from errors and therefore so reliable. I know of no comparable 
method for securing this quality in a set of tables. 

I repeat also my acknowledgment made in the original edition to 
many pre-vdously existing tables, particularly those of Vega and those 
of HoiieL During the proof-reading, those who have assisted have 
compared these tables with a great variety of existing tables, including 
several high-place tables, and the values have been recalculated and 
checked whenever a disagreement has been discovered. 

Finally, I wish to mention the excellent cooperation of the editorial 
staff of the Macmillan Company under the able direction of ^Ir. F. T. 
Sutphen. 


E. R, Hebeick 
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EXPLANATION OF THE TABLES 


’FABLi; !. FIVlM’I.ArK ('OMMON UX.ARITHM.S OF 
NTMUEIt< FROM 1 U) HKXW 

1. Common LogarithmH. 'Hu? jk>wiT to which 10 nm-^t to produti^ 

afpc ii-irAi^r n i- ('alltNl the logarithm* of n. 11su.4 l»g 10 « I, 

im ^ 2, iig lOtXl = ,% etc.: lug 1 - 0, h% CU « -1: iMg 0.01 » -2. 

= —3, etc. In generul, if 10* » n, I is the comiiMm logiritlim 
s,-f n, and k deuyted !»y log n. 

2. Fundamental Principles. I x>ganthrnH constitute a great laksf-saving tl? - 
in arithnietical computailoas. The principles uf their appiiiimiion art" 

-.tated m foIlow's: 

L The k^jriihm of a prodad u &^ual to ike sum of tke h^nthim of tkefadm'^A 
log ah » iijg a -r log 6. This follows from the fact that if 10^ * a and 10^ * h, 
liy*L sc a* 5. In brief: to cuM l/pgarii^itm, 

I L The hgariihm of a fraction u eqml to the diference oUained by mh^isding 
the hgariihm of the tktwminator from the hgariihm of kie n-imerahr: fog (a/^| 

log a — log 5. For, if HF * a and 10^ « 5, thm « a + 6- In brief: 
to divide, subirad h^iriihms. 

III. The logarithm of a power u equal to the logari^m tf tAc hmt mukipiied 
by the ejr/jonent of the power: fog « 6 fog a. This follows from tlie fact that 
if i0‘ « a, then 10*** « ah 

IV. The hgariihm of a root of a numher u found by dividing the hgardhm of 
the number by the index of the root: fog \d » (log a)/6. This foEows from the 
fact that if 10^ = a, then 10*'^ = a** =« \Q. 

CoroliarA’ of 11. The hgirithm of iAe reciprocal of a numher u ike ne^tve 
of ike hgariihm of the number: Ic^ (Ifa) =» —fog a, sint^e fog 1 =« 0. 

3. Characteristic and Mantissa. Every real jKfesitive numix»r has a real 
aimmon logarithm. If a and b are any two real positive numbers such that 
a < b, then fog a < log b. Neither zero nor any negative number has a 
logarithm. 


a 1 1 

10 

100 1 lOuO 

iy-lOy 1 PX?Ol.O | lAjisKiijO ' 

’ ] ■; i 

los a j 0 

I ^ 1 

2 1 3 

•t ^ O ; ti : , 1 


Inspection of the preceding table shows that 
the logarithm of every number l^tween 1 and 10 is a proper fraction, 
the logarithm of every number lieiween 10 and 100 is 1 + a fraction, 
the logarithm of everj' number betw'een 100 and 1000 is 2 + a fraction; 

Common logarithms are exponents of the base 10; other systems of Ic^arithms hare 
different from 10; Napierian logarithms {see Table VII, p. 112.1 hare a tmse denoted by e, an 
irrational number whose value is approxinaately 2.71^. Wben it is Ewsoe^aiy to cafi attention 
to the base, the expression logia n will mean ecanmc® kcarithm cf n; bg« n will n^n tlw 
Napierian logarithm, etc. ; but in this bodk k® a denoies n mikm otherwise expildtiy stated. 





viil EXPLANATION OF THE TABLES 

and so on. It is evident that the logarithm of every number (not vm exaet 
power of 10) consists of a whole number 4- a fraction (usually written as a 
decimal). The whole number is called the characteristic; the decimal ii 
called the mantissa. The characteristic of the logarithm of any number 
greater than 1 may be determined as follows: 

Rule I. The ckaract4:ristic of any number greater than 1 u one less than tm 
number of digits before the decintal ‘point. 

The following table shows that 


a 

.0000001 

.000001 

.00001 

■iiti 

.001 

.01 

B 

■ 

log a 

“7 

-6 


El 

-3 

o 

9 



the logarithm of every number between 0.1 and 1 is —1 -f- a fraction, 
the logarithm of every number bettveen 0.01 and 0.1 is —2 -f a fraction, 
the logarithm of every number betiveen 0.001 and 0.01 is — 3 + a fraction- 
and so on. 

Thus the characteristic of every number between 0 and 1 is a negative whole 
number; there is a great practical advantage, how-ever, in computing, to 
write these characteristics as follows: ~1 9 — 10, — 2 =* 8 — 10, -3 

~ 7 — 10, etc. Thus, the logarithm of 0.562 is *- 1 + 0.74974, but this should 
be written 9.74974 — 10; and similarly for all numbers less than 1. 

Rule II. The characteristic of a number less than 1 is found by subtracting 
from 9 the number of ciphers between the decimal point and the first significant digits 
and writing —10 after the residt. 

Thus, the characteristic of log 645 is 2 by Rule I; the characteristic of 
log 64.5 is 1 by (I); of log 6.45 is 0 by (I); of log 0.645 is 9 — 10 by (II); of 
log 0.0645 is 8 ~ 10 by (H). 

To move the decimal point in a given number one place to the right is equiva- 
lent to adding one unit to its logarithm, because this is equivalent to multi- 
pljTQg the given number by 10. Likewise, to move the decimal point one 
place to the left is equivalent to subtracting one unit from the logarithm. 
Hence, moving the decimal point any number of places to the right or left 
does not change the mantissa but only the characteristic.* 

Thus, 5345, 5.345, 534.5, 0.05345, 534500 all have the same mantissa. 

4. Use of the Table. To use logarithms in computation w'e need a table 
arranged so as to enable us to find, with as little effort and time as possible, 
the logarithms of given numbers and, vice versa, to find numbers when their 
logarithms are known. Since the characteristics may be foimd by means of 
Rules I and II, p. viii, only mantissas are given. This is done in Table I. 
Most of the numbers in this table are irrational, and must be represented in 
the decimal system by approximations. A five-place table is one which gives 
the values correct to five places of decimals. 

* Aiusther rule for finding the characteristic, based on this property, is often useful: if the 
dec im a l point were just after the first significant figure, the characteristic would be zero; start 
at this point and count the digits passed over to the left or right to the actual decimal point; 
the number obtained is the characteristic, except for sign; the sign is negative if the morement 
was to the left, nositiv^ if - ’ 











VuMMi ?X 


-ARiniMS ix 

1.- T'.jf^nd the I, 1 *.'% --/ a ^ ri-irn.'^. Fi.!^t, detfrinine the 
■ u* tfie f :h<* 

T>> ti:.l ’l.r ’h** ^ut-a naml^r the 

P'in*' »;f i-r upherji at the 

i f^l^ii'ira!ii? i-r i'^n I , 1 »*-k in the eiaurun mark* 4 A’ f<sr the t;r?<* dijjjits and 
Mr-'"* the fs^linuri heade*! hy the f.eirth dligiT; tie m'dl h-t^ fnimd at 

t!.e LU'er^ee’k'n *4 this r. ;%v and d.i- s»d.iuin. 'rhn.' V.j hnd the l^gantlini of 
72(0\ ij‘ -'^'»rve f;r>t . Ede I that the eharaetenstie is I, Tu find the niantif^, 
h\ at:ei*:ir.n un the digitus TiM”; find 7lX) in Cidmnii A*, and opj^ssite it in 
tvliiinn A the desire^i mantissa, O.slTtki; henee i^g TAQi -sk 4.?vi7tKI. llie 
«',f y„U7ftdd is foiiod up|Mjsite 7^2 in culuixin 6 and is 0,Stlik>4; hence 
I - UJJ752fi =: S.S9354 - 10. 

5. Interpolation. If there are more tlian four slgnifieant figures in the 
gi\-en ninii'*er» its mantissa is not printed in the table: hut it can be found 
a]i]sn;jxinii 4 iely by assuming that the mantisisii varitss as the numljer varies 
ill the siiiull iiiten^al not tahulated; while this a.ssumption is not strictly eor- 
rect» it is sufficiently accurate fur use with this taide. 

Thus, to find the logarithm uf 72054 W"e ol^rve that h.^g 72050 » 4,S5763 
and that log 72060 ** 4.S5709. Hence a char 4 te of lU in the numfier cains^ 
a change of 0.00006 in the mantissa; we assume thereft.;-re tLnt a change of 4 in 
the number will cause, approximately, a change of 0.4 >' O.i.ii.HXM'I » 0.00002' 
(dropping the sixth place) in the mantissa; and we write lv>g 72054 = 4.85763 
-r 0.00002 « 4.S5765. 

The difTerence between two successive values printed in the table is called 
a tabular difference (0.00006, alxiveh The proportional part of this difference 
to Ik? added to one of the tabular values is called the correction (0.00002, 
abcsve', and is found by multiplying the tabular differeru^e lyv the appropriate 
fraction (0.4, above). Tliese prop4.)rtional parts are usually written inthoui ike 
zeroSj and are printed at the right-liand side uf each page, to be used when 
mental multiplications seem uncertain. 

Example 1. Find the logarithm o! 0.00l2r>47. 126 in cohmm 4 Etid 0 10175; 

the tabular diSfereiice is 34 izer<o& dropped.. ; 0-7 X 34 is given ir. the margiii as 24; tti? r-,.,nrectics 
abided fives 0.10199 as the mantis.-^ of 0.0012647; hene*.* leg C.Ci:12»j47 » 7 lOTit# - 10. 

J?xai7ipZe 2. Find the logarithm of 1.85643. Opp<.»site I"'* in 6 find 0 tabular 

difference 23; 0.43 X 23 Ls given in the margin as 10; this corrt-etior. advle«i gives 0.26st>8 as the 
mar.th®a of 1.85643; hence log 1.85643 = 0.26868. 

6. Reverse Reading of the Table. Problem 2. To find tf^ numlMt when 
iU logarithm u knoam* First, fixing attention on the mantissa only, find from 
the table the number having this mantissa, then place the decimal pwint by 
means of the two following rules: f 

Rule III. If the dtaracteridic of the logarithm ie positive {in which mse the 
manlum is not followed by —10), begin at the Ufh cour^ digits om more ti^an the 
characteri^iCf and place the decimal point to the right of the lad digit counts, 

* The number whe^ le^garithm k i: hi c^ten mlled the tuaiiloianlhm df k. 

t Another convenient form of these rule* is as follows: if the characteristic were aero, the 
decimal point wouM fall just after the first significant figure; move the decimal point one place 
to the right for each positive unit in the characteristic, one place to the left for each negative 
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Rtrus IV. If ike characterise is negative (in which case the maniism loK 
preceded by a number 7i and followed by —10)f prefix 9 — n ciphers^ and pkm 
the decimal j)oini to the left of these ciphers. 

Example 1. Given log x = 1.22737, to find x. 

Since the mantissa is 22737, we look for 22 in the first column and to the right and below Ux 
737, which w*e find in column S opposite 16S. The number is therefore 16S3. Since tht 
characteristic is 4*1, we begin at the left, count 2 places, and place the point; hence x *= 16.88. 

Example 2. Given log x — 2.24912, to find z. 

Thb mantissa is not found in the table; in such cases w'e interpolate as follows: select ti^ 
mantissa in the table next less than the given mantissa, and write down the correspoi^Baj 
rmnxber; here, 1774; the tabular difference is 25; the actual difference (found by subtracti^ 
the mantissa of 177-4 from the given mantissa) is 17 ; hence the proportionality factor is 17 25 
= 0.68 or 0.7 (to the nearest tenth). Since moving the decimal point does not affect the maa- 
tiasa, it follows that the digits in the required number are 17747 (to five places). The clxarae- 
teriatic 2 directs to count 3 places from the left; hence x ~ 177.47. 

Rri-E. In generaly when the given mantissa is not found in the tablet wrik 
daitnfour digits of the number corresponding to the mantissa in the table next Im 
than the given mantissa, determine a fifth figure by dividing the actual dijjerenct 
by the tabular difference, and locate the decimal point by means of the characteristic. 

7. Cologarithms. We might add the logarithms of the factors in the nu- 
merator and from this sum subtract the logarithm of the denominator; but we 
can shorten the operation by adding the negative of the logarithm of the 
denominator instead of subtracting the logarithm itself. The negative of the 
logarithm of a number (when written in convenient form for computation) 
is called the cologarithm of the number. We may find the negative of any 
number by subtracting it from zero, and it is convenient in logarithmic compu- 
tation to write zero in the form 10.00000 — 10. Thus the negative of 2.17 is 
7.83 — 10; the negative of 1.1432 — 10 is 8.8568. Remembering that the 
cologarithm of a number is its negative we have the following rule: 

To find the cologarithm of a number begin at the left of its logarithm (including 
the characteristic) and subtract each digit from 9, except the last,* which subirad 
from 10; if the logarithm has not —10 after the mantissa, write —10 after the resuU; 
if ike logarithm has —10 after the mantissa, do not write —10 after the result. 

By this rule the cologarithm of a number can be read directly out of the 
table without talcing the trouble to write down the logarithm. Attention 
must be given not to forget the characteristic. The use of the cologarithm is 
governed by the principle: 

Adding the cologariihm is equivalent to subtracting ike logarithm. 

la. CX>NDENSED LOGARITHMS AND ANTILOGARITHMS 

8. Method of Computing Logarithms. This table is a rearrangement of the 
condensed table given by HoueLf From it, the logarithm of any number 
whatever may be obtained to wdthin 5 in the fifteenth place; or to any desired 
d^ree of accuracy less than this. 

To illustrate the process, w*e shall compute log v to nine places. Taking 
V 3.14159 26535 8979, w’e divide it by 3, the first significant digit, obtaining 

* If the logarithm ends in one or more ciphers, the last significant digit is to be understood 
here. 

t HoUKt., Eecueil de Formules et de TahUs num&riqpies^ 3d ed., Paris. Gauthii»»--V;no« 
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T i » 1. 114719 77)71 • • tbf'n divide q^iutient 1,141, etr., obniaing 

X ® n li)4 '.lAM* \ yix;n* l iaA%.A 172 23). 

\Vp am c4itiiin the iogarithni uf earh id the flr>! f-=iir fi«*furs fn*ra this iside. 
Tit vf the ht^-T ia.^:h r van 1^ oh-tan.e^i ; y tuultiphang its dediiol 

ptifl by 3/ == 0.-b>42‘J 4'4t>l9; i\»r the err^-'r riiAile m '.intiiig 
Injr a -r - ^ 3/x 

tlian ^fx''2, We find 3/r either !«y the fart that the ahiniri 

ii. th^ tal.-le ^Ives miildjiles ef 3f» or • ; ly Talle Vll!^ 

A iding the five b'garithnis just ruentitmeii, we find 
log r » 0.49714 9.'5727 I, 

^\hic:h is surely correet to within 1 in the tenth place.. The C'l^rreet value is 
0.49714 98720 9 

The may W applltM.! to any other naiiil>er in an anah.»guus manner. 

Such high-plart* logarithms are oecrasionally neetlai in >1411.-^1 icai work and in 
the preparation of tables. 

9. Method of Computing .intUogarithms. llie ccmdeiLstd table of anti- 
b.«garithnis gives eleven significant figures deeiinal placesh From it, 
the antiiogarithm of any number can be computed to within 3 in the taith 
significant digit. 

Thus, to compute the antiiogarithm of .4342944819 to S significant figures, 
w’e may write 

s- 10®'^ ; 10‘"'®^;l 1^)® ' • b)" mtf)^ 

The first five factors may lie obtained directly from the table. The last factor 
may l>e calculated from the formula lO* 1 A/3f)x. Tlie error in this 

formula is less than 3 in the (2A',ith decimal jilace if x is less than s,0.i)h where 
k > 1 . 

How’ever, a much more rapid process de|>erids on the use of Tables I and XI 
with this table. Thus, by Table I, 10 « «* 2 » — 2T1S, nearly. By Tal.-le XI, 
log 2,71S = 0.43424 94524 • • • . Hence 10« = ^2.718} ( 

« C2.71S)(10s-^}aO® ®^^^®^j. Obtaining the second factor from this 
table, and the last factor from the formula 10* * 1 -r (l/3/)x, by Tsl4e Vill, 
we find = 2.71S2S 1S2S; the correct value is 2.71S28bV.fc459 • • •. 

This process requires only tico long muitij>iii.atioas. 

11. FIVE-PLACE TABLE OF THE .ACTUAL VALUES OF THE 
TBICX)XOMETRIC FUNCTIONS OF ANGLES 

10. Direct Headings. This table gives the sines, cosines, tangents, and 
cotangents of the angles from U° to 45®; and by a simple device, indicated by 
the printing, the values of these functions for angles from do"" to 90® may be 
read directly from the same table. For angles less than 45® read down the 
page, the degrees lieing found at the top and the miriuies on the left; for angles 
greater than 45® read up the page, the degrees being found at the bottom and 
the minutes on the right. 

To find a fimction of an angle (such as 15® 27'.6, for example) which does 
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polation. To illiistrate, let iis find tan 15® 27'.6. In the table -sre 
tan 15® 27' ~ 0.2763S and tan 15® 28' — 0.27670; we know that tan 15® 27'J 
lies between these two numbers. The process of interpolation depends on tk 
assumption that between 15® 27' and 15® 28' the tangent of the angle vari^ 
directly as the angle; while this assumption is not strictly true, it giv« aa 
approximation sufficiently accurate for a five-place table. Thus we should 
assume that tan 15® 27'.5 is halfway between 0.27638 and 0.27670. We nmy 
state the problem as follows: .Aji increase of 1' in the angle increases the tan^t 
0.00032; assuming that the tangent varies as the angle, an increase of 0'.6 in the 
angle will increase the tangent by 0.6 X 0.00032 = 0.00019 (retaining only 
five places) ; hence 

tan 15® 27'.6 = 0.27638 + 0.00019 = 0.27657. 

The difference between two successive values in the table is called, as is 
Table I, the tabular diference (0.00032 above). The proportional part of the 
tabular difference which is used is called the correction (0.00019 above), and 
is found by multiplying the tabular difference by the appropriate fraction of 
the smallest unit given in the table. 

Exam^ 1. Find sin 63® 52'.S. 

We find sin 63® 52^ = 0.89777; 

tabular difference = 0.00013 (subtracted mentally from the table), 
correction = 0.8 X 0.00013 *= C.OOOlO (to be added). 

Hence sin 03® 52^S = 0.89787. 

Example 2. Find cos 65® 24^S. 

cos 65® 24" = 0,41628; 
tabular difference = 26; 0.8 X 26 =21 
(to be subtracted becai^e the cosine decreases as the angle increases). 

Hence cos 65® 24".S = 0.41607. 

RriiE. To find a trigonometric function of an angle by interpolation: select 
the angle in the table which is next smaller than the given anglcy and read its sine 
(cosine or tangent or cotangent as the case may be) and the tabular difference. 
Compute the correction as the proper proportional part of the tabular difference. 
In case of sines or tangents add the correction; in case of cosines or cotangents^ 
subtract it 

11. Reverse Readings. Interpolation is also used in finding the angle when 
one of its functions is given. 

Example 1. Given sin a; = 0,32845, to find x. 

Looking in the table we find the sine which is next less than the given sine to be .32832, 
and this belongs to 19® 10", Subtract the value of the sine selected from the given sine to dbtain 
the actual difference = 0.00013; note that the tabular difference = 0.00027. The actual dif- 
ference divided by the tabular difference gives the correction = 13/27 = 0.5 as the decimal of a 
minute (to be added). Hence x = 19® 10".5. 

Example 2. Given cos ® = 0-28432, to find x. 

The cosine in the table next less than this is 0.28429 and belongs to 73® 29"; the tabular dif- 
ference is 28; the actual difference is 3; correction = 3/28 = 0.1 (to be subtracted). Hence 
X = 73® 2S'.9. 

Rule. To find an angle when one of its trigommdricfwnciions is given: sekd 
from the UMe the same named function which is next less than the given function^ 
noting the corresponding angle and the tabular difference; compute ike actual 
difference (between the selected value of the function and the given value) and 
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ii H iahukir diferenre: thu^ O^e Citrrei^i^m vh^i h i- to thlh I tf ty g.-r*, 
' ^K--:irn iS or Umgevd^ io he iuhtr-u^td if irt n (.it^ia^h ^ 

\ 4 iK-gtrrd. 

!!!. FIVK-PLACK CViMMOX U-^:AUrr::M> OF THE 
TKI-’:^ jMKTRIO FFXOTIOXS 

12. I'se of the Table. If it 1? miuimi to t'ri*! lih* niini*‘rir,-u vaLio rd 
,r - ‘'27. Ki X feiii .“il“ 27% we may apply kj^arithia- a.*! 

log 27.S5 ^ l,441s;i 
lig >In 51 ^ 27 ^ =s *J>‘X‘ 2 I — 10 add - 

log r -=• I « 21,7.^ 

The oiily new iilea here is the rnerhiMl of fmding h »g oki p"’ 27\ vhit h means 
the Ii.igarithmuf thesineof ol® 27h Theni*Ast ohviMU>\\ay istu Pml lu 'ialde 11, 
sin 51" 27' ~ 0.78206, and then to find in Table I, fog 0.782 ~ 0>0.'i2l — P\ 

I ut thL> involves ct;)n5uiting two tables. To avdd the nei*fSi?ity tlliig tins 
Table III gives the logarithms of the sines, ewines, t^ingents, and roiangents. 
The arrangement and the prineipies of iuierjH)latiun are .•similar to those given 
i>n p. \ii for Table 1. llie sines and cixsines i»f all acute angles, the tangei2..’? 
of all aeuie angles less than 45' and the Cidangents of all acute anglsv gn^tcr 
than 45® are proper fractions, and their logariihoLs end with — Hh which is 
i; *t printed in the table, but which should be written down whenever such a 
iugarithm is used. 

In the jrritded table, txilues are dated so that 10 should y suMraeted in ca^e. 

1. Find log tin 6S® 2^.4. 

(n. the page having 6S* at the bottom, ami in the rim having 2."' on the ri.ght fir^i sin 
2r/ a* 9.1)6S43 — 10; the tabular difference sss 0; 0 4 X o i.'* given in th« margin a.« 2; thv'. m 
the ctMTt’Ction to be addwi, giving log sin t»6® 2.y.4 » 9,06^45 — 10. 

(In case of sine and tangent add the correction. In ca^e of cmioe and ec.'ianger.t, simUridi 
the correetiGii.) 

Exiimpif 2. Given log cos x ■= 9.72581 — 10, to find x. 

The l^igarithmic cobine next less than the given one is 9 725t'i2 — 10 and belong.'s to 57® 5.T; 
the actual differenee is 19; the tabular difFerence is 2U; henc,^ the c«>rrectioti a?’ 1;* '20 1 0 

(tc the nearest tenthj ; (subtract j ; hence x » 57* 52'=U. 

In finding log ctn a for any angle a, note that log etix a « — log tan a, since 
ctn a = 1/tan a. Hence the tabular difference^ fur log ctn are preei'.Hiy the ^ii*ne 
as thoi^efor log tan througlioat the table, but Uikefi in rei'ersed arder, likew L^^, 
log sec ce = —log cos a, log c'sc a = —log sin a; hemte the values of log st-e a 
and log CSC a are omitted. 

For angl^ near 0® or near 90“, the interpolations are not very accurate if 
the difference are large. For the calculation of sine or tangent near 
Table IIIo, page 45, gives the values of 

iS =* log sin A — log A' and T = log tan A — log A \ 

w'here A is the given angle and .4' is the number of minutes in .4 , fur values of 
.4 between 0® and 3®. Then 

log sin .4 = log A^ + S and log tan .1 ~ log A' ’r T, 

for ftrnnll angles. Moreover, since we have cos A = sm ildr — A'^ and 

..fr. A ~ fQA° ^ 4\ 
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log cos A - log (90® - A)' -r and log ctn A = log (90® - AY + 
when A is near 90®. 

.\nother method practically equivalent to the preceding is to use the ap- 
proximate relations 


and 


log sin A — log sin B — log A' — log B' 
log tan A - log fan B = log A' — log B\ 


where A is the given angle and B is the nearest angle to A that is given in the 
table. If A < 3® and ; .1 — i? ; < lb these formulas give log sin A and 
log tan A to five decimal places. 


IV-V. RADIAN MEASURE 

13. Computations in Radian Measure. The reduction of degrees to radians 
is facilitated by Table IV — Conversrion of Degrees to Radm7Ls. Since r radians 
= 180®, this table may be regarded as a table of multiples of ir/lSO. 

The values of sin x, cos x, tan x, are stated for every angle x from 0.(X} 
to 1.60 radians at intervals of 0.01 radian in Table V — Trigmwnieim 
Functions in Radian Measure, The values of any of these functions for larger 
values of x may be computed by first converting the value of the angle in 
radian measure to degree measure, by Table Va, and then finding the valu^ 
of the function from Table 11. 

The reduction of radians to degrees can be performed directly by Table V; 
or, for greater accuracy, by the supplementary Table Va. 


VI. POWERS— ROOTS— RECIPROCALS 

14. Arrangement. This table is arranged so that the square, cube, square 
root, cube root, or reciprocal can be read directly to five decimal places for 
any numl^er n of t hree s ig nifica n t figur es. To attain this, not only n\ \n, 
■vn, 1/n, but also VlOn, -JlG n, '^100 ft arc printed on every page. AH values 
have been carefully recomputed and checked. 

Thus t o fin d Vl.l7, read in Vn column the result: 1.0 8167. To find Vli.7, read in the m7ne 
line.irL ViO n column the result: 3.42053. To find Vll7, read 10 times the entry in column, 
since VllT = lOVTI?. 

Similarl y, ®= 1.05373 from y/n column; ‘^11.7 = 2.27019 from the same line in "^IQn 

column; -^117 = 4.89097 from the same line in -^lOOn column. 

The effect of a change in the decimal point in w-, n\ and 1/ft is only to shift 
the decimal point in the result, without altering the digits printed. 


VII. NAPIERLAX OR NATURAL LOGARITHMS 

15. The Base e. — Natural Logarithms. The number e — 2.7182818 ••• 
is called the natural base of logarithms. The logarithms of numbers to this 
base are given in Table VII at interv'als of 0.01 from 0.01 to 10.09, and at unit 
intervals from 10 to 409. The fundamental relation log* n = log, 10 X logw n 
enables us to transfer from the base 10 to the base or conversely; where 
log* 10 - 2.30258509 
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IX. VALUES AND DAGARITHMS OF HVPERF-I.j:' rUXCTiOXS 

17. Hyperbolic Functions. This table gives ths* Valin's vd . 

cs>sh X, tanh x; arid ihe logarithms uf e-®', siidi x, (svdi x. at varying io*'en.’a!.*> 
frvm X = 0 to X = 10. It is to le rusted that l-g e”* ^ - i«fg e-* and 1 *k tanh x 
= log sinh X — log rosh x. The table nmy le extended iiulenniudv b> 
means of Table VIII, since log:, e* = x* Af* for this rea^m Ta!4e VI 11 may I»e 
regardtxi as a table of values of Iog:c t*. 

X. V.aiTiS AND LOGARITHMS OF HAVERSIXES 

IS. Haversines. This table gives the values and the logarithms of the 
haversines of angles from 0® to 1S()^ at intervals of KF. The haversine, whi« h 
means half of the rerficti is 

hav .4 » (3.V vers .4 = O AG ~ d L 
hence its values to five places may be compute*.! fn^m the tal>le of wsineg. 
It is used extensively in navigation, and it may l>e used to advantage in the 
solution of ordinary' oblique triangles. 

XI. FACTOR T.VBLE— LOGARITHMS OF PRIMES 

19. Factors of Composite Numbers. Logarithms of Primes, The usi's 

of this table are evident in questions involving fat.'toring, and for finding higli- 
plaee logarithms of numbers whose prime factors an? less than 2tU>H. 

We shall iliusti'ate the finding of logarithms of other minders by finding 
log X. Taking x — 3.14159*36536, divide by 3 ithe first digit), obtaining 
1.04719 75512 • - *. Divide this quotient by 1.047 dn general, !>y the nearest 
first four digits), obtaining l.OOObSSOSil By Table VlII, the aiq^r. xi- 
mate formula log (1 ± x) = =bx- M gives 

log 1.00018 8683 == 0.00008 1944 (Table VI li i 

log 3 = 0.47712 12547 (Table XI j 

log 1.047 := log 3 -f log 0.349 = 0.01994 66.SI7 (Table XI) 

log X - 0.497U 98^0 

while the true value of log x is 0.49714 987^ 9, sso that the error is less than 1 in 
the eighth place. In general, this process will give the logarithm of any mjml^er 
to within 6 in the eighth decimal place, and the proh^ie error is le^ than 1.5 
in the eighth place. For still greater accuracv , see Table la and § 10. 
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XII. IXTEKEST TABLES 

20. Interest Tables, Tables XII 5, <•, d give eompoimd interest and 
annuity data for various per cents up to fifty years. Aside from the obvion 
uses, formulas invohdng these data will ])e found in works on statistics, ac- 
counting, and the mathematics of business. 

Table XIIc gives the logarithms of (1 -f r) to fifteen places, for all ordinary 
values of r from ? to 10^. For other values of r, log (1 -f r) may be 
computed from Table la (see § S). The final result in interest calculations 
may be obtained to nine significant figures by the antilogarithms of Table Is 
(see § 9). 

Table XII/ is the American Experience Mortality Table. 

XIV. FOUR-PIACE TABLES 

21. Four-place Tables. These are duplicates of the preceding five-place 
tables, reduced to four places, and with larger mter\’ais between the tabulations. 
The value of such four-place tables consists in the greater speed vith which 
they can be used, in case the degree of accuracy they afford is sufficient for 
the purpose in hand. 

XlVa. Logarithms of Numbers. The only special feature of this tabic 
is that tJie proportional part^ are printed for euery ieritk in every row; hence the 
logarithm of any number of four significant figures can be read directly. 

XrV’6. .4jitilogarithms. This table will be found to facilitate appro.rimate 
calculations to a marked degree. The proportional parts are stated in the 
right-hand margin for each row separately. This arrangement, with the 
corresponding one in Table XlVa, makes the tables effectively four-place each 
way, 

XIVc, Values and Logarithms of Trigonometric Functions. In this table, 
the values of sin a, cos a, tan or, ctn a, and their common logarithms, are stated 
for each 10-minute interval in a. The characteristics of the logarithms are 
omitted, since they can be supplied readily from the value. 
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LOGARITHMIC AND 
TRIGONOMETRIC TABLES 


TABLE 1 

C05IM0X LOGARITHMS OF NUMBERS 

FROM 

1 TO 10 000 

TO 

FI\E DECIMAL PLACES 


1 — 100 


m 


m 

Log 

N 

Log 

N 

Log 

N 

Log 1 

rv: 

2D 

1.30 103 

40 


60 

1,77 si5 

m 


1 

5)00 

wa 


4 1 

i.Di 2:> 

61 

1,7'' 

8 1 

I,9C» •''■i ♦ 

2 

0.30 103 


l.;U 242 

42 

1.6»2 325 

62 

1.79 239 

82 

1.91 381 

a 

0.47 712 

23 

1.36 173 

43 

1.63 347 

6:> 

1.79 934 

Nl 

1.91 Wn 

4 

0.60 206 

24 

1.3S021 

44 

1.64 345 

64 

I.sTMHS 

-84 

1.92 428 

5 

0.69 S97 

25 

1.39 794 

4 -» 

1.65 321 

tj > 

1."! 2'*1 

nIi 

L92 942 

6 

0.77 S15 

26 

1.41-197 

46 

1.66 2rr, 

6.6 

l.M 9 >4 

.8#> 

L.93 450 


0.S4510 

27 

1.4.3 13(> 

47 

1.67 210 

67 

1.82 607 

87 

1.93 952 

S 

Q.mim 

2S 

1.14 716 

4S 

I 6s 121 

f.s 

1.83 2-31 

N8 

1.94 44'^ 

9 

0.95 424 

29 

1.46 210 

49 

1.69 (^20 

69 

1.83 8,8.’ 

89 

1 .94 93!f 

Qjl 


Kil 

1.47 712 

50 ; 

i 1,69 Vi7 

1 . 

70 

1.81513 

90 

1.95 424 

n 

1.04 139 

ol 

1.49 130 

51 i 

1.70 757 

71 

i„8.r* 1*6 

91 

1.9' VL 1 


1.07 9iS 

32 

1.50 515 

52 

1,71 61M} 

72 

L SS 7 13 

92 

1,96 379 

m 

1.11 394 

33 

1.51 851 

53 

1.72 42S 

73 

1.86 332 

93 

1.96 848 

li 

1.14 613 

34 

1.53 US 

54 

1.73 239 

74 

1.86 923 

94 

L97SI3 

15 

1.17 609 

o5 

1.54 407 

55 

1.74 036 

75 

1.87 50t> 

95 

1.97 772 

16 

1.20412 

36 

1.55 630 

56 

1.74 819 

76 

1.88 OSl 


1.98 227 

IT 

1.23 045 

37 

1.56 820 

57 

1.75 587 


LSS 649 

97 

1.98 677 

IS 

1.25 527 

3S 

1.57 978 

58 

1,76 343 


1.89 

9S 

1.1^ 123 

19 

1.27 S75 

39 

1.59 106 

59 

1.77 08.5 


1-89 763 

99 

1.99^4 

N 

Log 

O 

Log 

B 

Log 

N 

Log 

N 

I Log 






























■ Logarithms of Numbers ■ 












































• Logarithms of Numbers ■ 



7 I 8 I 9 I Prop. Pis. 


174 24 055 

175 304 

170 551 

177 797 

ITS 25 042 

179 2S5 


350 376 401 426 452 477 

603 629 654 679 704 729 

855 SSO 905 930 955 9S0 

105 130 155 ISO 204 229 

353 378 403 428 452 477 

601 625 650 674 699 724 

846 871 895 920 944 969 

091 115 139 164 ISS 212 

334 358 382 406 431 455 



191 28 103 126 149 171 194 217 

192 330 353 375 39S 421 443 

193 556 578 601 623 646 668 

194 780 803 825 847 870 892 

195 29 003 026 048 070 092 115 

196 226 248 270 292 314 336 

197 447 469 491 513 535 557 

19S 667 688 710 732 754 776 

199 885 907 929 951 973 994 



Pirop* Pts. 





















































4 


• Logaritlims of Numt^rs • 


Prop. Pts. 



Prop. Pts. 















































































6 


■ Logarithms of Numbers — 350 



344 656 668 

345 782 794 

346 908 920 

347 54 033 045 

348 158 170 

349 283 295 

350 


log 3 

=.47712 12547 

log X 

=.49714 ^727 


1 1.5 1.4 

2 3.0 2.8 

3 4.5 4.2 

4 6.0 5.6 

5 7.5 7.0 

6 9.0 8.4 

7 10.5 9.8 

8 12.0 11.2 

9113.5 12.6 


1 1.3 1.2 

2 2.6 2.4 

3 3.9 3.6 

4 5.2 4.8 

5 6.5 6.0 

6 7.8 7.2 

7 9.1 a4 

8 10.4 9.6 

9 11.7 10.8 


Prop. Pts, 
























































































400 — Logarithms of Numbers — 450 



Prop. Pts. 





















































450 —* Logarithms of Numbers — 500 


9 










































Logaritiims of Numbers — 550 











































— JLogaritlimH of Nuaibers — SOO 


2 3 4*5 6 


S . 9 Prop. IHs. 



581 

1 418 

582 

i 492 

583 

567 

584 

641 

5S5 

716 

5S6 

790 

587 

864 

5SS 

938 

5S9 

77 012 

590 

591 

592 

593 

■1 

594 

379 

595 

452 

596 

525 

597 

597 

598 

670 

599 

743 


455 462 470 477 485 

530 537 545 552 559 

604 612 619 626 634 

678 686 693 701 

753 760 76S 775 

827 S34 S42 S49 



Pkh?. Pts. 


















































■ Lc^arithms of Numbers • 



1 0.8 0.7 
2 1.6 1.4 

3 2.4 2.1 

4 3.2 2.8 

5 4.0 3.5 

6 4.8 4.2 
5.6 4.9 
6.4 5.6 

9j7.2 6.3 


624 618 

625 588 

626 657 

627 727 

628 796 

629 865 


631 80 003 

632 072 

633 140 

634 209 

635 277 

636 346 

637 414 

638 482 

639 550 


641 686 

642 754 

643 821 

644 889 

645 956 

646 81023 

647 090 

648 158 

649 224 


316 

323 

330 

386 

393 

400 

456 

463 

470 

525 

532 

539 

595 

602 

609 

664 

671 

678 

734 

741 

748 

803 

810 

817 

872 

879 

8S6 


337 

344 

351 

407 

414 

421 

477 

484 

491 

546 

553 

560 

616 

623 

630 

685 

692 

699 

754 

761 

768 

824 

831 

837 

893 

900 

906 


024 
085" 092 
154 161 

223 229 
284 291 298 
353 359 366 

421 428 434 
489 496 502 
557 564 570 


693 699 706 
760 767 774 
828 835 841 




030 037 044 051 058 065 

099 106 113 120 127 134 

168 175 182 188 195 202 

236 243 250 257 264 271 

305 312 318 325 332 339 

373 380 387 393 400 407 

441 448 455 462 468 475 

509 516 523 530 536 543 

577 584 591 598 604 611 


713 720 726 733 

781 787 794 801 

848 855 862 868 

916 922 929 936 943 949 

983 990 996 *003 *010 *017 

050 057 064 070 077 084 

117 124 131 137 144 151 

184 191 198 204 211 218 

251 258 265 271 278 285 



Prop. Pts. 




























































SSO — Logarithms of Xambers — 700 


8 I 9 Prop, Pts. 



Prop. Pts. 
















































■ Logarithms of Numb^s — 750 


Prop. Pu, 



Prop. Pts, 




















































750 — Logaridims of Numlm's — 800 


15 
















































800 — Logarithms of Numbers - 



804 526 

805 5S0 

806 634 


300 

428 434 430 445 

4S2 4SS 493 499 

536 542 547 553 
590 590 001 607 
660 



814 062 

S15 IIG 

816 169 

817 222 

SIS 275 

819 328 


821 

822 4S7 

823 540 

824 693 

825 645 

826 698 

827 751 

828 803 

829 855 


913 91S 

966 972 977 9S2 

020 025 030 036 

078 0S4 0S9 

132 137 142 

ISO 185 190 196 

228 233 238 243 249 

281 2S6 291 297 302 

334 339 344 350 355 


609 614 619 624 
661 666 672 677 
714 719 724 730 



756 761 
SOS 814 
SGI SG6 



976 

981 

986 

028 

033 

038 

080 

085 

091 

132 

137 

143 

184 

189 

195 

236 

241 

247 

288 

293 

298 

340 

345 

350 

392 

397 

402 



635 640 3 1.8 1.5 

687 693 f 2.4 2.0 

740 745 Q 

793 798 7 4.2 3.5 

845 850 8 4.8 4.0 

897 903 9 5,4 4.5 


Prop. Pts. 





























































































SOO — Lo^ytithms of Numbers — 950 


901 472 

902 521 

903 669 

904 617 

905 665 

906 713 

907 761 

908 809 

909 856 


911 952 

912 999 

913 96 047 

914 095 

915 142 

916 190 

917 237 

918 284 

919 332 


567 
614 
926 1 661 


477 482 487 
525 530 535 
5^4 5^8 5S3 

622 626 631 
870 674 679 
718 722 727 

766 770 775 
813 818 823 
861 866 871 



431 435 440 
478 483 487 
525 530 534 

572 577 581 
619 624 62S 


359 364 368 373 
405 410 414 419 
451 456 460 465 

944 497 502 506 511 

945 543 548 552 557 

946 589 594 598 603 

947 635 640 644 649 

948 681 685 690 695 

949 727 731 736 740 



1 0.5 0.4 


652 i 2.0 1.6 

699 703 I 

746 760 7 3.5 2.8 

792 797 8 4.0 3.2 

839 844 9 4.5 3.6 


211 216 
257 202 
304 308 


377 382 
424 428 
470 474 


391 396 
437 442 
483 488 


516 520 525 529 534 

562 566 571 575 580 

607 612 617 621 626 

653 658 663 667 672 

699 704 708 713 717 

745 749 754 


Prop. Pts- 








































0^ — LogEiithms of Numbers — 



4 


5 


Prop^PU, 




















































20 Table la — Condensed Logarithms and Antilogarithms [u 

• CONDENSED LOGAEITBCVIS TO FIFTEEN DECIMAL PLACES 


[The first of n are given in the first row at the top; the last digit of a h 
Ihe Mt-hand column. The first column of logarithms are those of 1, 2, 3, • 

Tlte remaining columns give log (1 t a-), where x — (0.1)* times 1, 2, • * • , 9.| 


fl 

First Digit 

of n >► 

i. 

1.0 


Log n 

First Digits 

of log n >- 

.0 

H^B 

1 

2 

3 

4 

5 

6 

7 

8 

9 

CKKXH) 00000 OOiKX) 
30102 99956 639S1 
47712 12547 19662 
6#205 99913 27962 
69897 00043 36019 
77815 12503 SSiH-i 
S4500 80400 14257 
90308 99S69 91944 
95424 25094 39325 

04139 26851 5S225 
07918 12460 47625 
11394 33523 06837 
14612 80356 7S23S 
17609 12590 55681 
20411 99826 55925 
23044 89213 7S274 
25527 25051 03306 
27875 36009 52829 

0432 13737 82643 
0860 01717 61918 
1283 72247 05172 
1703 33392 98780 
2118 92990 69938 
2530 5S652 64770 
2938 37776 85210 
3342 37554 86950 
3742 64979 40624 

043 40774 79319 
086 77215 31227 
130 09330 20418 
173 3712S 09001 
216 60617 mm 
259 79S07 19909 
302 94705 53618 
346 03321 09506 
389 11662 36911 


(confinuahun) 



1.000 

1.0000 

1.00000 

1.000000 




.000 

.0000 

.00000 

.000000 



1 

2 

3 

4 

5 

6. 

7 

8 

9 

04 34272 76883 
08 68502 11649 
13 02688 05227 
17 36830 58465 
21 70929 72230 
26 04985 47390 
30 3S997 84812 
34 72966 85364 
39 06S92 49910 

1 

1 * 

M 

ww 




{For X < .00000001, log (1 + i) = X’M, to within 3 in the 17th place, where 
M =* 0.43429448 • * *. Hence the last column gives multiples of M except for the 
decimal place. All the columns that would follow have the same significant digite 
displaced each time one place.] 


CONDENSED ANTIIXKiARITHMS TO TEN DECIMAL PLACES 

[The first digits of n are given in the first row at the top; n = (O.I)* x; a: « 1, 2, 
3, * • • , 9 are given in the left-hand column. The first digits in 10’* are given in the 
second row at the top.] 


X 

n = O.lx 

0.01a: 

O.OOlr 



(0.1)»a: 

(0.1)’x 1 



1. 

1.0 

1.00 

1.000 

1.0000 


1 




023 02850 

02 30261 


02303 

2 


isyai ^ 

ip 

046 06231 

04 60528 


04605 

3 


'Hr 4}'^^ 

'rrrViwr 


06 90799 

0 69078 

0690S 

4 







09210 

5 



1157 94543 

115 19555 



11513 

6 

3.98107 17055 

14S15 36215 

1391 13857 


13 81646 

1 38156 

13816 

7 



1624 86929 

161 31092 

16 11939 

1 61182 

16118 

8 

6.30957 34448 

20226 44346 

1859 138S1 

184 37657 

18 42238 

1 84209 

18421 

9 

7.9432S 23472 

23026 87708 

2093 94837 






por n < 0.000001, 10" — 1 -f n* (1/ifeO to within 3 in the 12th decimal plaee, where 
<1/Af) = 2.302585 • • • . Hence the last column gives multiples of (l/Af) caccept fear 
the decimal place. All the columns that woiold follow contain the same significant 
digits displaced one place for each new column 1 



































TABLE n 


ACTUAL VALUES 

OP THE 

TRIGONOMETRIC FUNCTIONS 

PROM 

0“ TO 90“ AT INTERVALS OF ONE MINITE 

TO 

¥IVB DECDL4.L PLACES 



21 





()o — Values of TrigOBometric Functions — 1 ° 


0 Looooo .0 


5 .00145 
61 175 

204 
233 
262 

10 -00291 

11 320 

12 349 

13 378 

14 407 
16 .00436 

16 465 

17 495 

18 524 

19 653 

20 .00582 

21 611 

22 640 

23 669 

24 698 
26 .00727 

26 756 

27 785 

28 814 

29 844 

30 .00873 

31 902 

32 931 

33 960 

34 .00989 
56 -01018 

36 047 

37 076 

38 105 

39 134 

40 .01164 

41 193 

42 222 

43 251 

44 280 

45 .0X309 

46 338 

47 367 

48 396 

49 425 
80 .01454 

51 483 

52 613 

63 642 

64 671 
66 .01600 

56 629 

57 658 

58 687 

59 716 
601.01746 


1.0000 60 
000 59 
000 58 
000 57 
OOO 56 
1-0000 55 
000 54 
000 53 
000 52 
000 51 
1.0000 60 
.99999 49 
999 4S 
999 47 
999 46 
.99999 46 
999 44 
999 43 
999 42 
998 41 
.99998 40 
998 39 
998 38 
998 37 
998 36 
.99997 35 
997 34 
997 33 
997 32 
996 31 
.99996 30 
996 29 
996 28 
995 27 
995 26 
.99995 25 
995 24 
994 23 
994 22 
994 21 
.99993 20 
993 19 
993 18 
992 17 
992 16 
.99991 15 
991 14 
991 13 
990 12 
990 11 
.99989 10 
989 
989 
988 
988 


Sin Tan 


.99985 
m 
m 

983 

.99982 56 
982 54 
981 51 
980 
980 
.99979 
979 
978 
977 
977 
.99976 45 
976 44 
975 43 
974 42 
974 41 
.99973 40 
972 
972 
971 37 
970 36 
.99969 35 
969 34 
968 33 
967 32 
966 
.99966 30 
965 29 
964 28 
963 27 
963 26 
.99962 25 
961 24 
960 23 
959 22 
959 21 
.99958 
957 19 
956 18 
955 17 
954 16 
.99953 15 
952 14 
952 13 
951 12 
950 11 
.99949 10 
948 
947 

946 / 

945 6 

.99944 5 

943 4 

942 3 

941 2 

940 
.99939 


















Values of Trigonometric Functions — : 


Sin I Tan i Ctn ; Omi 


00 

Sa 

S7 

m 

m 

M 
53 
5:* 
51 

m 

S46|49 

S44|4S 
MJ 
h i 1 1 46 
ms^9 45 
Kih I 44 

g34 1 42 
833141 



.06395 

.06408 

i5.6a5 

424 

43» i 
407 

.534 

.464 


4S2 

40fV 

.394 

511 

525 

.325 

.06540 

.06554 

15.257 

509 

584 

.ISO 

598 

613 

.122 

627 

642 

loioSS 

656 

671 

14.090 

.06685 

.06700 

14,924 

714 

730 

J9j0 

743 

759 

,795 

773 

788 

.732 

S02 

817 

.669 

.06831 

256847 

14.606 

SGO 

876 

.544 

889 

905 

.482 

91S 

934 

^21 

947 

^3 

.361 

.06976 

.06993 

14..301 

Cos 

1 Ctn 

1 Tan 


20 

19 

18 


790 
7Ss 16 
,90786 IS 
784 14 
782 13 
780 12 



87 ' 














































• Values of Trigonometric Functions — 5® 


























■ Valnes of Trigonometnc Function,*; * 



.116SS 8,5555 
71 S .5340 
747 ,5126 

777 .4913 

S06 .4701 

.11836 8.4490 
8G5 .42813 

895 .4071 

924 .8863 

954 .3656 


37 
36 
36 
34 

364 32 
3G0 31 

30 

35-i [ 29 
351 
347 27 
344 26 
.99341 25 
337 24 
331 
331 
327 21 
.99324 20 
320 19 
317 IS 
314 17 
310 16 
.99307 15 
303 14 
300 13 
297 12 
293 11 
.99290 10 
286 9 

2S3 8 

279 7 

276 6 

.99272 5 

269 4 

265 3 

262 2 
258 1 

.99255 0 


Sin i Tan ; ITn 


0 .12^7 j .1227*^ : -VJ443 .IH'J.VJSO 

1 i'lfW 30 1 ,1J4H 25115** 

2 215 f a-iNf .1054 2 Is|;,.h 

3 271? 3-7 j 2H 

4 5. 2i a-.rj .v567 2T' 

5 .12331 .12426 :ni^70 .99237 

.360 45».l .u2h5> 23,1 

7 Z> J -i-' ” ' ^ ,5 23«‘ 


,12574 ■ 7.953U .992 1 
.9344 215 

6;.Jl .9l5^ 2 :: 

6t;2 .V573 2v> 

6l*2 .^7»^;^ 214, 

.12722 7.8606 .1>92)r<-! 
751 .8424 

7>1 .8243 1931 

Mi? .’8-02 l-'O 

M',* .7.'>^2 

.12869 7.7704 .^1^2 
8’ .7525 1 r ■> 

92** .7348 ::,7 

95,> .7171 in 

.121f88 .699ti U>7 

.13017 7.6821 .991!^ 
047 .rki47 Itkj 

076 .6473 156 

li.*0 .6301 1.52 

136 .6129 148 

.13165 7.5958 .99144 
195 .5787 141 

224 .m> 137 

254 .5449 133 

2N4 .5281 12*1 


817 .2375 059 

846 .2220 055 

876 051 

.13906 7.1912 .99047 
935 .1759 043 

965 .1607 039 

.13995 .1455 03.5 

.14024 ,1304 031 

.14054 7.1154 .99027 
Ctn i Tsn • Sin 


























■ Values of Trigonometric Functions * 



407 
lb I 430 

19 404 

20 .14493 


551 

23 5b0 

24 60S 

25 ,14637 

26 606 
695 

2S I 723 

29 

30 1 .14781 1 .14945 

31 I SIO 
S3S 

33 S67 

34 S96 
36 .14925 

36 954 

37 .14982 

38 .15011 

39 040 

40 


53 

551 

561 

57 

58 

59 

601.156431.15838 


.01K)27 60 
023 50 
019 SS 
015 57 
Oil 50 
.99006 55 
.99002 54 
.98998 53 
904 
990 
.98986 1 50 
982 1 49 
978 1 48 

Q7*> 

969 46 
.98965 45 
961 44 
957 43 
953 
948 41 
.98944 40 
940 391 
936 38 
931 37 
927 36 
.98923 35 
919 34 
914 33 
910 32 
906 31 
.98902 30 
897 29 
893 28 
889 27 
SS4 26 
.98880 25 
876 24 
871 23 
867 22 
S63 21 


.15787 
810 .160 
845 0 

873 0 

902 1 

15931 .1613 


959 
.15988 
.16017 1 

046 1 256 
.16286 



16361 .16585 


16505 .16734 


751 
.98746 
741 
737 
732 
728 5 
.98723 5 
718 4 
714 4 
709 4 
704 4 
.98700 41 
695 4 
690 ^ 
686 4! 
681 4: 
.98676 41 
671 m 
667 31 
662 ti 
657 M 
.98652 3* 
648 34 
643 33 
638 33 
633 31 
.98629 3Q 
624 29 
619 28 
614 27 
609 26 
25 
24 
23 


.17322 

250 1 513 



Ck>s 1 Ctn 




























- Valoes of Trigonometric Functions — 


.18081 

.18384 

109 

414 

138 

444 

166 

474 

195 

504 

.18224 

.18534 



50 i 

49 i 

45 
47 

46 

IS0S3 I 5.5301 1 .9S404 1 45 
44 i 
43 
42 
41 
40 
39 

35 
37 

36 
S5 
34 
33 
32 
31 
30 

320 29 
315 2S 
310 27 
304 26 
.98299 25 
294 24 
2SS 23 
2S3 22 
277 21 
.98272 20 
.3008 267 19 

895 j .2924 261 18 

925 .2839 256 

955 .2755 250 i 16 

.98245 15 
.2588 240 14 

046 .2505 234 13 

076 .2422 229 12 

106 .2339 223 11 

.19136 5,2257 .98218 10 

166 .2174 212 9 

197 .2092 207 8 

227 .2011 201 

257 .1929 196 

.98190 
185 
179 
174 
168 


.19081 .19438 5.1446 .98163 


Sin ' 

Tan 1 

Ctn i 

Cm 

,11^? Hi : 

.1943h ; 

>.1446 ; 

.9'8St;:i 

1 /Jj 

4f>. s 


157 

i3sl 

49 ! 

.12m. 

152 

167 1 

52*3 1 

.!2U7 

146 

165 1 

1 

.1128 

141) 

.19224 ; 

.19589 

.>.1049 

.98135 

252 1 

619 


129 

2>i 

r»49 

.0892 

124 



.0-814 

llH 

33’?. 

71H 


112 

.19366 

,19740 

5.r^>5.8 

.98107 

395 

77<'* 

.05.8 1 

IH| 

423 

80! 

.05»U 


452 

8,3! 

.0427 

fH'iO 

481 

8*;i 

.0350 

084 

.19509 

.19891 

5.0273 

.98079 

53h 

921 

.0197 

07.1 

566 

952 

.0121 

067 

595 

.1*>982 

5.0045 


623 

.21X02 

4.f*969 


.19652 

.20042 

4. 9894 

.98050 

6^U 

073 

,9810 

044 

709 

103 

.9744 

mi* 

737 

13:i 

.9669 

033 

766 

164 

.9594 

027 

.19794 

.20194 

4.9520 

.98021 

823 

224 

.9446 

016 

851 

254 

.9372 

010 

SSO 

285 

.9298 

.98004 

90S 

315 

.9225 

.97908 

.19937 

.20345 

4.9152 

.97992 

965 

376 

.9078 

9S7 

.19994 

406 

.9006 

981 

.20022 

436 

.8933 

975 

051 

466 

.8860 

969 

.20079 

.20497 

4.S788 

.97963 

108 

527 

.8716 

958 

136 

557 

.8644 

952 

165 

588 

.8573 

946 

193 

61S 

.8501 

940 

.20222 

.20648 

4.8430 

.97934 

250 

679 

.8359 

92S 

279 

709 

.82SS 

922 

307 

739 

.8218 

916 

336 

770 

.8147 

910 

.20364 

.20800 

4.8077 

.97905 

393 

s;^o 

.8007 

899 

421 

861 

.7937 

S93 

450 

891 

.7867 

887 

478 

921 

.7798 

881 

.20507 

.20952 

4.7729 

,97875 

535 

.20982 

.7659 

869 

563 

.21013 

.7591 

863 

592 

043 

.7522 

857 

620 

073 

.7453 

851 

.20649 

.21104 

4.7385 

.97845 

677 

134 

.7317 

839 

706 

164 

.7249 

833 

734 

195 

.7181 

827 

763 

225 

.7114 

821 

.20791 

.21256 

4,7046 

.97815 


Tan 

Sin 





























• Values of Trigonomelric Functions — 13"^ 


Sin i Tan | Cm \ Cos 



.21256 

4.70-16 

.97> ! 5 

820 


.0979 


S-S8 

316 

.6912 


877 

347 

.6845 

797 

905 

377 

,6779 

791 

.20933 

.21408 

4.6712 

.97784 

902 

43*5 

.0040 


.20090 

469 

.0580 

772 

.21019 

4W 

.6514 

706 

047 

529 

.t>44S 

700 

.21076 

.21560 

4.6382 

.97754 

104 

590 

.6317 

748 

132 

621 

.6252 

742 

161 

651 

.61S7 

i 313 

ISO 

682 

,6122 

729 

.21218 

.21712 

4.6057 

.97723 

246 

743 

.5993 

717 

27,3 

773 

.5928 

711 

303 

804 

.5864 

705 

331 

834 

.5800 

698 

.21360 

.21864 

4.5736 

.97692 

38S 

895 

.5673 

680 

417 

925 

.5609 

680 

445 

956 

.5546 

673 

474 

.21986 

.5483 

667 

221502 

.22017 

4.5420 

.97661 

530 

047 

.5357 

655 

659 

078 

.5294 

648 

587 

108 

.5232 

642 

616 

139 

.5169 

636 

.21644 

.22169 

4.5107 

.97630 

672 

200 

.5045 

6231 

701 

231 

.4983 

617 

729 

261 

.4923 

611; 

758 

292 

.4860 

604 

.21786 

,22322 

4.4799 

.97598 

814 

353 

.4737 

592 

843 

383 

.4676 

! 585 

871 

414 

.4615 

579 

S99 

444 

.4555 

573 

.21928 

.22475 

4.4494 

.97566 

956 

505 

.4434 

560 

,21985 

536 

.4373 

553 

.22013 

567 

,4313 

547 

041 

597 

.4253 

541 

.22070 

.32628 

4.4194 

.97534 

098 

658 

.4134 

528 

126 

689 

.4075 

521 

155 

719 

.4015 

515 

183 

750 

.3956 

508 

.22212 

.22781 

4.3897 

.97502 

240 

811 

.3838 

496 

26S 

842 

.3779 

489 

297 

872 

.3721 

483 

325 

903 

,3662 

1 476 

.22353 

.22934 

4.3604 

1 .97470 

382 

964 

.3546 

463 

410 

.22995 

.3488 

457 

438 

.23026 

-3430 

450 

467 

056 

.3372 

444 

.22495 

.23087 

4.3315 

.97437 


401 
429 
45S 

.234S6 
514 
542 
571 
599 

.23627 1 .24316 


.2910 

.2850 

.2803 

391 

38.1 

378 

4.2747 

.2691 

.2635 

.2580 

.2524 

4.246S 

.97371 

365 

358 

351 

345 

.97338 

.2413 

331 

.2358 

325 

.2303 

318 

.2248 

' 311 

4.2193 

.97304 

.2139 

298 

.2084 

291 

.2030 

284 

.1976 

278 

UltWel 

.97271 

.1868 

264 




Cos 1 Ctn 


244 31 
.97237 30 
230 29 
223 28 
217 27 
210 26 
.97203 25 


.97169 20 
162 19 
155 18 
148 17 
141 16 
.97134 15 
127 14 


106 11 
.97100 1 10 
0931 9 
086 
079 
072 
.97065 
058 
051 
044 
037 
.97030 


Esau 























































— Valu^ of Trigonometric Functions • 







.30573 

3.2709 

.95630 

605 

.2675 

622 

637 

.2641 

613 

669 

.2607 

605 

700 

.2573 

596 

.30732 

3.2539 

.95588 

764 

-2506 

579 

796 

.2472 

571 

828 

.2438 

562 

860 

.2405 

554 

.30891 

3.2371 

.95545 

923 

.2338 

536 

955 

.2305 

528 

.30987 

2*^72 

519 

.31019 

[2238 

511 

.31051 

3.2205 

.95502 

os:i 

.2172 

493 

115 

.2139 

485 

147 

.2106 

476 

178 

.2073 

467 

.31210 

3,2041 

.95459 

242 

.2008 

450 

274 

.1975 

441 

306 

.1943 

433 

3SS 

.1910 

424 

.31370 

3.1878 

.95415 

402 

.1845 

407 

434 

.1813 

398 

466 

.1780 

389 

498 

.1748 

380 

.31530 

3.1716 

.95372 

562 

.1684 

363 

594 

.1652 

354 

626 

.1620 

345 

658 

.1588 

337 

.31690 1 

3.1556 

.95328 

722 

.1524 

319 

754 

.1492 

310 

786 

.1460 

301 

818 

.1429 

293 

.31850 

3.1397 

.95284 

882 

.1366 

275 

914 

.1334 

266 

946 

.1303 

257 

.31978 

.1271 

248 

.32010 

3.1240 

.95240 

042 

.1209 

231 

074 

.1178 

222 

106 

.1146 

213 

139 

.1115 

204 

.32171 

3.1084 

.95195 

203 

.1053 

186 

235 

.1022 

177 

267 

.0991 

168 

299 

.0961 

159 

.32331 

3.0930 

.95150 

363 

m99 

142 

396 

.0868 

133 

428 

.0838 

124 

460 

.0807 

115 

.32492 

3.0777 

.95106 






















|g» — Values of Trigonometric Fnnctibns — 19^ 


Sin 1 Tan ^ Ctn t Cm 



.3104U 

.32653 

3.0625 


680 

.0595 

OJO 

717 

.05r»5 

123 

749 

.0535 

151 

782 

.0505 

.31178 

.32814 

3.0475 

2*.<s 

S46 

.0445 

2;vi 

STS 

.0415 

20 1 

911 

.0.385 

2^9 

943 

.0356 

.31316 

.32975 

3.0326 




51 
50 
cj 

4S 
47 
4#> 
45 
44 
43 
42 
41 
40 
3§ 
906 [38 
897 37 
1 36 
35 
809 34 
860 33 
851 32 
842 31 
.94832 30 
823 29 
S14 28 
805 27 
795 26 
25 


76S 
75S 
749 
.94740 1 20 
730 19 
721 1 18 


702 16 
.94693 15 
6S4| 14 
13 
665 I 12 
656 11 
.94646110 
637 
627 
615 
609 
.94599 
590 
580 
571 
561 
.94552 



7r 


70 ' 































• Values of Trigonometric Functions — 21^ 



2.7475 

.93969 

.7450 

959 

.7425 

940 

.74iH) 

939 

.7376 

929 

2.7351 

.93919 

.7326 

909 

.7302 

899 

.7277 

889 

.7253 

879 

2.7228 

.93869 

.7204 

859 

.7179 

849 

.7155 

S39 

.7130 

829 

2.7106 

.93819 

.7082 

809 

.7058 

799 

.7034 

789 

.7009 

779 

2.69S5 

.93769 

.6961 

759 

.6937 

748 

.6913 

738 

.6889 

728 

2.6865 

.93718 

.6841 

708 

.6818 

698 

.6794 

688 

.6770 

677 

2.6746 

.93667 



26 
25 
606 24 
596 23 
5S5 22 
575 21 
20 
19 
18 
534 17 
524 16 
.93514 16 
14 


% 


186 .6187 

.38220 2.6165 


253 .6142 400 

286 .6119 389 

320 .6096 379 

353 .6074 368 

.38386 2.6051 .93358 


IB iraai 


m 




083 
110 
137 
164 1 .40031 
.37191 1 .40065 




166 

.4897 

200 

.4876 

.40234 

2.4855 


.37461 .40403 2.4751 


'.93358 iO 
348 51 
337 58 
327 57 
316 m 
.9a306 65 
295 54 
285 53 
274 52 
264 51 
.93253 6D 
243 40 
232 
222 

211 46 
,93201 46 
190 44 
ISO 41 
169 42 
159 41 
.93148 40 
137 30 
127 ^ 
116 37 
106 36 
.93095 35 
084 34 
074 3Z 
063 32 
052 31 
.93042 30 
031 20 
020 28 
.93010 27 
.92999 26 
.92988 25 
978 24 
967 23 
956 22 
945 21 
.92935 20 
924 19 
913 18 
902 17 
892 16 
.9^1 15 
870 14 
859 13 
849 12 
838 11 
.92827 10 
816 9 

805 8 

794 7 

784 6 

.92773 6 

762 4 

751 3 

740 2 

729 1 

.92718 




























22'=’ — Values of Trigonometric Functions — 23® 





Sin ' Tan Ctn 

Co« 


12447 

2.;i,5,->9 

.921150 


4*^2 

.3539 

039 

127 

516 

.3520 

028 

IM 

rsi 

.35(U, 

016 

im 

5>v5 

.34. n3 

.9'.;x,w5 

.392i C ; 

.42619 

2.3464 

M994 


l>54 

.3445 



6-^> 

.3426 

97! 

2b|jj 

722 

.3407 

959 

3H1 

757 

.33 SS 

§48 

.39^41 

.42791 

225.369 

.91936 

StiT 

$2ti 

.3351 

925 

394 

$i>i 5 

.3332 

914 

421 


.3313 

91 ri 

44S 

92i:i 

.3294 

y.n 

.39474 

.429^>3 

2.3276 

.91879 

3C31 

. 12*,. 

.3257 

86--'’' 

52S 

.43032 

.3238 

856 

535 

067 

.3220 1 

845 

5M 

101 

.3201 

833 

.39GQS 

.43136 

2.3183 

.91S22 

635 

170 

.3164 

810 

661 

205 

.3146 

799 

6.S> 

239 

.3127 

787 

715 

274 

.3109 

775 

.39741 

.4330$ 

2.3090 

.91764 

76S 

343 

.3(^72 

752 

795 

37S 

.3053 

741 

822 

412 

.30:i5 

72*4 

84S 

447 

.3017 

7!.h 

.39S75 

.434S1 

2.2998 

.91706 

902 

516 

.2980 

6‘;*4 

92S 

550 

.2962 

6S3 

955 

585 

.2t:*44 

671 

.399S2 

620 

.2925 

6^4'? 

.4000$ 

.43654 

2.2907 

.91648 

035 

689 

.2889 


062 

724 

.2871 

625 

0S8 

758 

.28.53 

1 613 

115 

793 

.28.35 

601 

.40141 

.43828 

2.2817 

.91590 

16$ 

$62 

.2799 

578 

195 

897 

.2781 

566 

221 

932 

.2763 

555 

24S 

.43966 

.2745 

543 

.40275 

.44CK}1 

2.2727 

.91531 

301 

036 

"!27OT 

519 

32Si 

071 

.2691 

50S 

3551 

105 

.2673 

496 

3S1 

140 

.2655 

4S4 

.4040$' 

.44175 

2.2637 

.91472 

434 

210 

.2620 

461 

461 

244 

.2ti02 

449 

4SS 

279 

.2584 

437 

514 

314 

.2566 

425 

.40541 

,44349 

2.2549 

.91414 

567 

3S4 

.2531 

402 

594 

41$ 

.2513 

390 

621 

453 

.2496 

378 

647 

4-SS 

.247$ 

366 

.40674 

.44o23 

: 2.2460 

.91355 





iisis 

Ctn 

: Tan 

Silt 1 





























34 24“ — Valoes of IVigonometric Functions — 25“ [II 







































8 sa?isa »Sf3S8 


11 ] 26® Vaiaes d Trigcnioiiietrk Fimctbiis — 27® 


Sin i Tan I Cm 


.44359 
385 
411 

23 437 

24 404 

25 .44490 

20 516 

542 
28 56S 

594 
.44620 
640 
672 
698 
724 
.44750 
776 
802 
82S 
854 
.44880 
906 
932 
958 
.44984 
.45010 
036 
062 



,4*773 

a*:> 

.64 

845 

.047;'; 

917 

;644..i 

.48953 

2.0428 

.48989 

.0413 

.49026 

,0398 

062 

.0383 

098 

.0368 

.49134 

2.0353 

i7u 

.0338 

20t* 

.0323 

242 

.03(-'8 

278 

.0293 

.49315 

2.0278 

351 

.0263 

387 

.0248 

423 

.0233 

450 

.0219 

.49495 

2.0304 

532 

.0189 

568 

.0174 

604 

.0160 

640 

.0145 

.49677 

2.0130 

713 

.0115 

749 

,0101 

780 

.0086 

822 

.0072 

.49858 

2.0057 

894 

.0042 

931 

.0028 

.49967 

2.0013 

.50004 

1.9999 

.50040 

1.9984 

070 

.9970 

113 

.9955 

149 

.9941 

185 

.9926 

.50222 

1.9912 

258 

.9897 

295 

.9883 

331 

.9868 

368 

.9854 

.50404 

1.9S40 

441 

.9825 

477 

.9811 

514 

.9797 

550 

.9782 

.50587 

1.9768 

6231 

.9754 

660 

.9740 

696 

.9725 

733 

.9711 

.50769 

1.9697 

806 

.9683 

843 

.9669 

879 

.9654 

916 

.9640 

.50953 

1.9626 



SO 

49 
ib 
713 47 
TOO 46 
.89687 45 
074 44 
662 43 
649 42 
636 41 
.89623 40 
610 39 
597 38 
5S4 37 
571 36 
.89558 35 
645 34 
532 33 
519 32 
506 31 
30 
4S0 29 
467 28 
454 27 
441 26 
.89428 25 
415 24 
402 23 
389 22 
376 21 
20 


cm Tan 


..«J035 55 
on 5i 
53 

to I 


.toiv2 45 

44 

875 43 

42 

84S 41 
.88835 40 
822 " 
SOS 
795 


715 31 
.88701 30 
6'^8 29 
674 2b 
661 
647 26 
JS634 25 
620 24 
607 23 
693 22 
580 21 
.88566 
553 
639 IS 
526 17 
512 16 
.88499 U 
4S5 14 
472 13 
45S 12 
445 n 
.88431 JO 
417 ; 9 
404 S 
390 7 
377 6 
.88363 5 
349 4 

336 3 
322 2 

30S 1 

.88295 0 


Tan Sin 

















2 g^ — Valu^ of Trig<«ioinetric Functions — 20® 


01.4^947 
1 

2 1.46999 

3 1.47024 

4 1 050 


9 ITS 

10 .47204 

11 229 

12 255 

13 2bl 

14 306 
16 .47332 

16 35S 

17 383 

18 409 

19 434 
2D .47460 

21 486 

22 511 

23 537 

24 562 
26 .47588 

26 614 

27 639 

28 665 

29 690 

30 .47716 

31 741 

32 767 

33 793 

34 SIS 
36 .47844 

36 S69 

37 895 

38 920 

39 946 i 

40 .479711 

41 .479971 

42 .48022 





.55051 1.81651.87603 
089 .8 

127 .8 

165 .8 

203 .8 


279 .8090 

317 .8078 

355 .8065 

393 .8053 

.55431 1.8040 



1.804U 
.8u2b 
.8016 
-80l*3 
583 .7991 

.55621 1.7979 
659 .7966 

697 .7954 

73C .7942 

774 .7930 

.55812 1.7917 
850 .7905 

888 .7893 

926 .7881 

.7808 


.87462 
448 
434 
420 
406 

.87391 SS 
377 54 
363 53 
349 52 
335 51 
.87321 60 
306 49 
292 

278 47 
264 46 
.87250 45 
235 44 
221 43 
207 42 
193 41 
.87178 40 
164 39 
150 38 
136 37 
121 36 
.87107 m 
093 34 
079 33 
064 32 
050 31 
.87036 30 
021 29 
.87007 28 
.86993 27 
978 26 
.86964 25 
949 24 
935 23 
921 22 
906 21 
.86892 20 
878 19 
863 18 
849 17 
834 16 
.86820 15 
805 14 
791 13 
777 12 
762 11 
.86748 10 
386 .7426 733 9 

425 .7414 719 8 

464 .7402 704 

503 .7391 690 

.57541 1.7379 .86675 

580 .7367 661 

619 .7355 646 

657 .7344 632 

696 .7332 617 

.86603 


61 ' 



























30^ — Vala^ of Trigonometric Fnnetkms 


Sin f Tan Ctn Cos 



JO 1.50252 
11 
12 
13 

14 1 352 

161.50377 
16 1 403 

428 

45:1 

478 
.50503 
21 1 528 

221 653 

23 

24 603 

25 \5062S 

26 654 

27 679 

28 704 

29 729 

30 .50754 

31 779 

32 804 

33 829 

34 854 
36 .50879 

36 904 

37 929 

38 954 

39 .50979 

40 .51004 

41 029 

42 054 

43 079 

44 104 

45 .51129 

46 154 


48 204 

49 229 
60 .51254 

51 279 

52 304 

53 329 

54 354 

65 .51379 
56 404 

429 
581 454 

59 1 479 

60 1 .51504 


41 

.863101 40 
295 39 
281 1 38 
266 
251 1 36 
.86237 35 
34 

207133 
192 
17S 31 
.86163 30 
14S 29 
133 28 
119 27 
104 26 
.86089 25 
074 24 
059 23 
045 22 
030 21 
.86015 20 
.86000 19 
.85985 18 
970 17 
956 16 
.85941 15 
926 14 
911 13 
896 12 
SSI 11 
.85866 10 
851 9 

836 8 

821 
806 
.85792 
777 
762 
747 




m 


Sin 

Tan 

Ctn 

Coe 



L.0>44 

..•OTlT 

:kA 


/,jt2i 



215 


657 

.5162s* 

.60284 

1.6588 

.ii5M2 

t>53 

324 

.#5577 

627 

678 

364 

.65tli6 

612 

703 

403 

.65,5:* 

597 

728 

443 

.6545 

582 

.51753 

.60483 

1.6534 

.85567 

77 s* 

522 

.6523 

5,51 

8f}3 


,6512 

536 

828 

m 2 

.6.501 

521 

852 

642 

.6490 

50> 

.51877 

.606^1 

1.6479 

.S5491 

'2 

7JI 

.t»469 

47f» 

927 

7(3 

.6458 

46J 

952 


.6447 

446 

.51977 

Ml 

.6436 

431 

.52002 

.608'i.l 

1.6426 

.85416 


92 : 

.6415 

401 

(51 

.f, 

.64CH 

385 

€70 

.6 1' 


370 

3il 


.6383 

355 

.52126 

.61080 

1.6372 

.85340 

151 

120 

.6361 

325 

175 

W) 

.6.151 

310 

200 

200 

.6340 

294 

225 

240 

.6329 

279 

.52250 

.61280 

1.6319 

.85264 

275 

320 

.6308 

249 

299 

360 

.6297 

234 

324 

403 

.6287 

i 2:h 

349, 

440 

.6276 

2a’i , 

252374 

.61480 

1.6265 

.S518S: 

399 

520 

.6255 

173 

423 i 

561 

.6244 

157; 

44S 

601 

,6234 

142 

473 

641 

.6223 

127 

.52498 

,61681 

1.6212 

.85112 

522 

721 

.6202 

096 

547 

761 

.6191 


572 

SOI 

.61SI 

065 

597 

S42 

.6170 

1 051 

.5^21 

.61882 

1.6160 

1 .85035 

646 

922 

.6149 

020 

671 

.61962 

.6139 

.85005 

696 

.62003 

.6128 

.S4989 

720 

043 

.6118 

974 

.52745 

.62083 

1.6107 

.84959 

770 

124 

.6097 

943 

794 

164 

.6087 

928 

819 

204 

.0)76 

913 

844 

245 

.6066 

897 

.52869 

.62285 

1.6055 

.84882 

893 

325 

.60451 

866 

918 

366 

.6034 

851 

943 

406 

.6024 

836 

967 

446 

.6014: 

820 

.52992 

.624£?7 

1.6003 

.84805 

Cos 

! Ctn 

^ Tan 

1 Him 






























38 32^ — Values of TrigOTometric Funcfious — 33® pi 


f 

Sin 

Tan 

Ctn 

Cos 



/ 

Sin 

■oil 




0 

.52992 

.62487 

L6iK)3 

.84805 

60 


0 

.54464 

.64941 




1 

,53017 

527 

.5993 

789 

59 


1 

488 

.64982 

.5389 

851 

59 

o 

041 

508 

.598;^ 

774 

5S 


2 

513 

.05024 

.5379 

835 

BS 

3 

066 

608 

.5972 

759 

57 


3 

537 

065 

.5369 

SI9 

57 

4 

091 

649 

.5V*62 

743 

56 


4 

561 

106 

.5359 

804 

56 

5 

-53115 

.62689 

1.5952 

.84728 

65 


5 


.65148 

1.5350 

.83788 

55 

6 

140 

730 

.5941 

712 

54 


6 


189 

.5340 

772 

54 

T 

164 

770 

.5931 

697 

53 


7 


231 

.5330 

756 

53 

S 

189 

8X1 

.5921 

681 

52 


8 


272 

.5320 

740 

52 

9 

214 

852 

.5911 

666 

51 


9 

6S.3 

314 

.5311 

724 

51 

3J0 

.53238 

.62892 

1.5900 

.84650 

50 


10 

.54708 

.65355 

1.5301 

.S37C^ 

50 

11 

263 

933 

.5890 

635 

49 


11 

732 

397 

.5291 

692 

49 

12 

2SS 

.62973 

.58^0 

619 

48 


12 

756 

438 

.5282 

676 

48 

13 

312 

.63014 

.5869 

604 

47 


13 

781 

480 

.6272 

660 

47 

14 

337 

055 

.5859 

5SS 

46 


14 

S05 

521 

.5262 

645 

46 

15 

.53361 

.63095 

1,5849 

-84573 

45 


16 

.54829 

.65563 

1.5253 

.83629 

46 

16 

386 

136 

.5839 

557 

44 


16 

854 

604 

.5243 

613 

44 

19 

411 

177 

.5829 

542 

43 



878 

646 

.5233 

597 

43 

IS 

435 

217 

.5818 

526 

42 


18 

902 

688 

.5224 

581 

42 

19 

400 

25S 

.58<J8 

511 

41 


19 

927 

729 

.5214 

565 

41 

20 

.53484 

,63299 

1.5798 

.84495 

40 


20 

.54951 

.65771 

1.5204 

.83549 

40 

21 

509 

340 

.5788 

480 

39 


21 

975 

813 

.5195 

533 

39 

22 

534 

380 

.5778 

464 

38 


22 

.54999 

854 

.5185 

517 

m 

23 

558 

421 

.5768 

448 

37 


23 

.55024 

$96 

.5175 

501 

37 

24 

583 

462 

.5757 

433 

36 


24 

048 

938 

.5166 

485 

36 


.53807 

.63503 

1.5747 

.84417 

35 


25 

.55072 

.66980 

1.5156 

.83469 

35 

26 

632 

544 

.5737 

402 

34 


26 

097 

.66021 

.5147 

453 

34 

27 

656 

584 

.5727 

386 

33 


27 

121 

063 

.5137 

437 

33 

28 

6S1 

625 

.5717 

370 

32 


28 

145 

105 

.5127 

421 

32 

29 

705 

666 

.5707 

355 

31 


29 

169 

147 

.5118 

405 

31 

30 

.53730 

.63707 

1.5697 

.84339 

30 


30 

.55194 

.66189 

1.5108 

.83389 

30 

31 

754 1 

748 

.5687 

324 

29 


31 

218 

230 

.5099 

373 

29 

32 

779 1 

759 

.5677 

308 

28 


32 

242 

272 

.5089 

356 

28 

33 

804 1 

830 

.5607 

292 

27 


33 

266 

314 

.5080 

340 

27 

34 

82S' 

871 

.5657 

277 

26 


34 

291 

356 

.5070 

324 

26 

36 

.53853 

.63912 

1.5647 

.84261 

25 


35 

.55315 

.66398 

1.5061 

.83308 

25 

36 

877 

953 

.5637 

245 

24 


36 

339 

440 

.5051! 

292 

24 

37 

902 

.63994 

.5627 

230 

23 


37 

363 

482 

.5042 1 

276 

23 

38 

926 

.64a35 

.5617 

214 

22 


38 

388 

524 

.5032 i 

260 

22 

39 

951 

076 

.5607 

19S 

21 


39 

412 

566 

.5023 1 

244 

21 

40 

.53975 

.64117 

1.5597 

.84182 

20 


40 

.55436 

.66608 

1.5013 

.83228 

20 

41 

.54000 

158 

.5587 

167 

19 


41 

460 

650 

.50041 

212 

19 

42 

024 

199 

.5577 

151 

18 


42 

484 

692 

.4994 i 

195 

18 

43 

049 

240 

.5567 

135 

17 


43 

509 

734 

.4985 

1791 

17 

44 

073 

281 

-5557 

120 

16 


44 

533 

776 

.4975 { 

163 

16 

46 

.54097 

.64322 

1.5547 

.84104 

15 


45 

.55557 

.66818 

1.4966 

.83147; 

15! 

46 

122 

363 

.5537 

088 

14 


46 

581 

860 

.4957 

131 

14; 

47 

146 

404 

,5527 

072 

13 


47 

605 

902 

.4947 

115 

13 

48 

171 

446 

.5517 

057 

12 


48 

630 

944 

.4938 

098 

12 i 

49 

195 

487 

.5507 

041 

11 


49 

654 

.66986 

.4928 

082 

Hi 

50 

.54220 

.64528 

1.6497 

.84025 

10 


50 

.56678 

.67028 

1.4919 

.83066 

10 

51 

244 

569 

.5487 

-84009 

9 


51 

702 

071 

.4910 

050 

9 

52 

269 

610 

,5477 

.83994 

8 


52 

726 

113 

.4900 

034 

Si 

53 

293 

652 

.5468 

978 

7 


53 

750 

155 

.4891 

017 

7 

54 

317 

693 

.5458 

962 

6 


54 

775 

197 

.4882 

.83001 

6 

55 

.54342 

.64734 

1.5448 

.83946 

5 


56 

.55799 

.67239 

1.4872 

.82985 

5 

56 

366 

775 

.5438 

930 

4 


56 

823 

282 

.4863 

969 

4 

57 

391 

817 

.5428 

915 

3 


57 

847 

324 

.4854 

953 

3 

58 

415 

858 

.5418 

899 

2 


68 

871 

366 

.4844 

936 

2 

59 

440 

899 1 

.5408 

883 

1 


59 

895 

409 

.4835 

920 

1| 

El 

.54464 

.649411 

1.5399 

.83867 

0 


60 

,55919 

.67451 

1.4826 

.82904 

0 

r: 


mm 


■STM 

II 


n 

wsm 

■SM 


■STM 

H 


57® 


5fi^ 










34® — Values of IWgouometric Fimetkwas — SS® 



.67431 

1.4526 

.82‘:^04 

943 1 

403 

.4M6i 

557 

‘is'.s, ,1 

536 

.45?'>7 

871 

J.~[i ,J 1 

57> 

.4795] 

835 


G2h 

.478n j 

839 

2>6040 

.67663 

1.4779 ; 

.82822 


705 

.4770 

8^:h} 

085 

748 

.4761 

7lHj 

112 

790 

.4751 

773 

136 

832 

.4742 

757 

.56160 

.67875 

i.4733 

.82741 



46 

45 

44 

626 1 43 
610 
593141 
40 
39 
38 


36 
35 
478134 
462133 
446 
429 
.82413 
396 
380 28 
363 27 
347 26 
.82330 25 
314 24 
297 23 
281 22 
264 21 
.82248 20 
231 19 
214 18 
198 17 
ISl 16 
.82165 15 
148 14 
132 13 
115 12 
098 11 
.82082 
065 9 

048 8 

032 7 

.82015 6 

.81999 5 

982 4 

965 3 

949 2 

932 1 

.81915 


’ L42nl .81915 


3>1 ! 


' .4273 

899 

4*f' 

1-7 ; 

.4261 

882 

429 

15! 

.’4255 

i^’i5 

453 

m 1 

.4216 

84 *^ 

r477 

.70238 : 

1.4237 

.81.832 

501 

281 

.422'-* 

815 

524 

325 

.4220 

79*^ 

548 

368 

.4211 

7.S2 

572 

412 

.4202 

765 

r596 ■ 

.70455 

1.4193 

.81748 

619 1 

499 

.4185 

731 

643 J 

542 

.4176 

714 

667 j 

586 

AUu 

698 

691 1 

629 

.4158 

681 

r7i5' 

.70673 

1.4150 

.81664 

738 1 

717 

.4141 

647 

762] 

7m 

.4132 

631 

7M) I 

804 

.4124 

614 

810 j 

84.8 

.4115 

597 

r833| 

.70891 

1.410f5 


87>7 

935 

.41^97 

, 1 . 

8>1 

.70970 ; 

,4089 

6-4r; 

904 

.71023 

.4080 

53' ■ 

928 

066 

.4071 

r j'i 

r952 

.71110: 

1.4063 

.81496 


26 976 

27 .57999 

28 .58023 

29 047 

30 .58070 

31 094 
118 

33 141 

34 165 

35 .58189 

36 212 

37 236 

38 260 

39 2S3 

40 .58307 

41 330 
354 

43 378 

44 401 

45 .58425 

46 449 

47 472 

48 496 

49 519 
.58543 

51 567 

52 590 

53 614 

54 637 

55 .58661 

56 684 

57 708 

58 731 

59 755 

60 .58779 


1.3934 .81242 
.3925 225 


1.3891 .81157 

.3882 140 

.3874 123 

.3865 106 

.3857 089 


.72211 

1.3S4S 

2S1072 

255 

.3840 

05-5 

299 

.3831 


344 

.3823 

021 

38.S 

,3814 

.81004 

.72432 

1,3806 

.S0%7 

477 

.3798 

970 

521 

.3789 

95:4 

565 

.3781 

936 

610 

.3772 

919 

.72654 

1.3764 

.8(^32 


























40 


3S^ 


• Values of Trigonometric Fimctioiis — 37® 


ni 


/ 

Sin 

Tan 

Ctn 

Cos 



f 

Sin 

Tan 

Ctn 

Cos 

n 

0 

.58779 

.72654 

1.3764 

.80902 

60 


0 

.60182 

.75355 

1.3270 

.79864 

Ea 

1 

802 

699 

.37,15 

Ss,1 

5:* 


1 

205 

401 

.3262 

846 

m 

2 

826 

743 

.3747 

867 

5S 


2 

228 

447 

.3254 

829 

58 

3 

849 

788 

.3739 

850 

57 


3 

251 

492 

.3246 

811 

57 

4 

873 

832 

.3730 

8:53 

56 


4 

274 

538 

.3238 

793 

56 

5 

.58896 

.72877 

l.,3722 

.80816 

55 


5 

.60298 

.75584 

1.3230 

.79776 

55 

6 

920 

921 

.3713 

799 

54 


6 

321 

629 

.3222 

758 

54 

7 

943 

.72966 

.3705 

782 

53 


7 

344 

675 

.3214 

741 

53 

S 

967 

o 

o 

.3697 

765 

52 


S 

367 

721 

.3206 

723 

52 

9 

.58990 

055 

.368& 

74S 

51 


9 

390 

767 

.3198 

706 

51 

10 

.59014 

.73100 

1.36S0 

,80730 

50 


10 

.60414 

.75812 

1.3190 

.79688 

SO 

u 

037 

144 

.3672 

713 

49 


11 

437 

S58 

.3182 

671 

49 

12 

061 

189 

.3663 

696 

48 


12 

460 

904 

.317.1 

653 

48 

13 

084 

234 

.3055 

679 

47 


n 

483 

950 

.3167 

6,35 

47 

14 

108 

278 

.3647 

662 

46 


14 

506 

.75996 

.3159 

618 

46 

15 

.59131 

.73323 

1.363S 

.80644 

45 


15 

.60529 

.76042 

1.3151 

.79600 

45 

16 

154 

36S 

.3630 

627 

44 


16 

553 

088 

.3143 

5a3 

44 

17 

17S 

413 

.3622 

610 

43 


17 

576 

134 

.3135 

565 

43 

18 

201 

457 

.3613 

593 

42 


18 

599 

180 

.3127 

547 

42 

19 

225 

502 

.3605 

576 

41 


19 

622 

226 

.3119 

530 

41 

20 

.59248 

.73547 

1.3597 

.80558 

40 


20 

.60645 

.76272 

1.3111 

.79512 

40 

21 

272 

592 

.3588 

541 

39 


21 

668 

318 

.3103 

494 

39 

22 

295 

6^7 

.3580 

524 

38 


02 

691 

364 

.3095 

477 

as 

23 

318 

681 

.3572 

507 

37 


23 

714 

410 

.3087 

459 

37 

24 

342 

726 

.3564 

489 

36 


24 

738 

456 

.3079 

441 

36 

25 

.59365 

.73771 

1.3555 

.80472 

35 


25 

.60761 

.76502 

1.3072 

.79424 


26 

389 

SIO 

.3547 

455 

34 


26 

784 

548 

.3064 

406 

34 

27 

412 

861 

.3539 

438 

33 


27 

807 

594 

.3056 

388 

33 

2S 

436 

906 

.3531 

420 

32 


28 

830 

640 

.3048 

371 

32 

29 

459 

951 

.3522 

403 

31 


29 

853 

686 

.3040 

353 

31 

30 

.59482 

.73996 

1.3514 

.80386 

30 


30 

.60876 

.76733 

1.3032 

.79336 

30 

31 

606 

.74041 

.3506 

36S 

29 


31 

899 

779 

.3024 

318 

29 

32 

529 

086 

.3498 

351 

28 


32 

922 

825 

.3017 

300 

28 

33 

552 

131 

.3490 

334 

27 


33 

945 

871 

.3009 

282 

27 

34 

570 

176 

,3481 

316 

26 


34 

968 

918 

.3001 

264 

26 

35 

.59599 

.74221 

1,3473 

.80299 

25 


35 

.60991 

.76964 

1.2993 

.79247 

25 

36 

622 

267 

.3465 

2S2 

24 


36 

.61015 

.77010 

,2985 

229 

24 

37 

646 

312 

.3457 

264 

23 


37 

038 

057 

.2977 

211 

23 

38 

669 

357 

.3449 

247 

22 


38 

061 

103 

.2970 

193 

22 

39 

693 

402 

.3440 

230 

21 


39 

084 

149 

.2962 

176 

21 

40 

.59716 

.74447 

1.3432 

.80212 

20 


40 

.61107 

.77196 

1.2954 

.79158 

20 

41 

739 

492 

.3424 

195 

19 


41 

130 

242 

.2946 

140 

19 

42 

763 

538 

.3416 

178 

18 


42 

153 

289 

.2938 

122 

18 

43 

786 

583 

.3408 

160 

17 


43 

176 

335 

.2931 

105 

17 

44 

809 

628 

.3400 

143 

16 


44 

199 

382 

.2923 

087 

16 

45 

.59832 

.74674 

1.3392 

.80125 

15 


45 

.61222 

.77428 

1.2915 

.79069 

15 

46 

856 

719 

.3384 

108 

14 


46 

245 

475 

.2907 

051 

14 

47 

879 

764 

.3375 

091 

13 


47 

268 

521 

.29001 

033 

13 

48 

902 

810 

.3367 

073 

12 


48 

291 

568 

.2892 I 

.79016 

12 

49 

926 

855 

.3359 

056 

11 


49 

314 

615 

.2884 ; 

.78998 

11 

50 

.59949 

.74900 

1.3351 

.80038 

10 


50 

.61337 

.77661 

1.2876 I 

.78980 

10 

51 

972 

946 

.3343 

021 

9 


51 

360 

708 

.2869 

962 

9 

52 

.59995 

.74991 

.3335 

.80003 

S 


52 

383 

754 

.2861 

944 

8 

53 

.60019 

.75037 

.3327 

.79986 

7 


53 

406 

801 

.2853 

926 

7 

54 

042 

082 

.3319 

968 

6 


54 

429 

848 

.2846 

908! 

6 

55 

.60065 

.75128 

1.3311 

.79951 

5 


55 

.61451 

.77895 

1.2838 

.78891! 

5 

56 

089 

173 

.3303 

934 

4 


56 

474 

941 

.2830 

873 i 

4 

57 

112 

219 

.3295 

916 

3 


57 

497 

-77988 

.2822 

8551 

3 

58 

135 

264 

.3287 

899 

2 


58 

520 

.78035 

,2815 

8371 

2 

59 

158 

310 

.3278 

881 

1 


59 

543 

082 

.2807 

819 1 

1 

60 

.60182 

.75355 

1.3270 

.79864 

0 


60 

.61566 

.78129 

1.2799 

.788011 



Cos 1 

Ctn 


Sin 

f 


■1 


Cfcn 

Tan 


/ 










51 
























42 


40® — Values of Trigonometric Functions — 41® 


ni 



Sin 

Tan 

Ctn 

Cos 



/ 

Sin 

Tan 

Ctn 

Cos 


El 

.64279 

.8,3910 

1.1918 

.76604 

60 


0 

.65606 

.86929 

1.1504 

.75471 

60 

1 

301 

.83960 

.1910 

586 

50 


1 

628 

.86980 

.1497 

452 

59 

2 

323 

.84009 

.1903 

567 

58 


2 

650 

.87031 

.1490 

433 

58 

3 

346 

059 

.1896 

548 

57 


3 

672 

082 

.1483 

414 

57 

4 

36S 

108 

.1889 

530 

56 


4 

694 

133 

.1477 

395 

56 

6 

.64290 

.84158 

1.1 SS2 

.76511 

56 


6 

.65716 

.87184 

1.1470 

.75375 

55 

G 

412 

20S 

.1875 

492 

54 


6 

738 

236 

.1403 

356 

54 

7 

435 

258 

.1S6S 


53 


7 

759 

2S7 

.1456 

337 

53 

S 

457 

307 

.1861 

455 

52 


8 

781 

33S 

.1450 

318 

52 

9 

479 

357 

.1854 

436 

51 


9 

803 

389 

.1443 

299 

51 

10 

.64501 

.84407 

1.1847 

.76417 

50 


10 

.65825 

.87441 

1.1436 

.75280 


11 

524 

457 

.1840 

39S 

49 


11 

847 

492 

-1430 

261 


12 

546 

507 

.1833 

380 

48 


12 

869 

543 

.1423 

241 


13 

5GS 

550 

.1826 

361 

47 


13 

891 

595 

-1416 

222 

47 

14 

590 

606 

.1819 

342 

46 


14 

913 

646 

.1410 

ms 

46 

15 

.64612 

.84656 

1.1812 

.76323 

45 


15 

.65935 

.87698 

1.1403 

.75184 

45 

16 

635 

706 

.1806 

304 

44 


16 

956 

749 

.1396 

165 

44 

17 

657 

756 

.1799 

286 

43 


17 

.65978 

801 

.1389 

146 

43 

18 

679 

800 

.1792 

267 

42 


18 

.66000 

852 

.1383 

126 

42 

19 

701 

856 

.1785 

248 

41 


19 
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904 

.1376 
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41 

20 

.64723 

.84906 

1.1778 

.76229 

40 


20 

.66044 

.87955 

1.1369 

.75088 

40 

21 


.84956 

.1771 
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39 


21 
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.88007 

.1363 

069 

39 

22 
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.1764 
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38 


22 

088 

059 

.1356 

050 

m 

23 


057 

.1757 

173 

37 


23 

109 
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.1349 

030 

37 

24 

S12 

107 

.1750 

154 

36 


24 

131 

162 

.1343 

,75011 


25 

.64834 

.85157 

1.1743 

.76135 

35 


25 

.66153 

.88214 

1.1336 

,74992 

35 

26 

856 

207 

.1736 

116 

34 


26 

175 

265 

.1329 

973 

34 

27 

878 

257 

.1729 

097 

33 


27 

197 

317 

.1323 

953 

33 

28 

901 

308 

.1722 

078 

32 


28 

218 

369 

.1316 

934 

32 

29 

923 

358 

.1715 

059 

31 


29 

240 

421 

.1310 

915 

31 

30 

,64045 

.85408 

1.1708 

.76041 

30 


30 

.66262 

.88473 

1.1303 

.74896 

30 

31 

967 

45S 

.1702 

022 

29 


31 

284 

524 

.1296 

876 


32 

.64989 

509 

.1695 

.76003 

28 


32 

306 

576 

.1290 

857 

28 

33 

.65011 

559 

.1688 

.75984 

27 


33 

327 

628 

.1283 

838 

27 

34] 

033 

609 

.1681 

965 

26 


34 

349 

680 

.1276 

818 

26 

35 

.65055 

.85660 

1.1674 

.75946 

25 


36 

.66371 

.88732 

1.1270 

.74799 

35 

36 

077 

710 

.1667 

927 

24 


36 

393 

784 j 

.1263 

780 

24 

37 

100 

761 

.1660 

908 

23 


37 

414 

836 

.1257 

760 

23 

38 

122 

811 

.1653 

SS9 

22 


38 

436 

8SSi 

.1250 

741 

22 

39 

144 

862 

.1647 

870 

21 


39 

458 

940 

.1243 

722 

21 

40 

.65166 

.85912 

1.1640 

.75851 

20 


40 

.66480 

.88992 

1.1237 

.74703 

30 

41 

ISS 

.85963 

.1633 

832 

19 


41 

501 

.89045 

.1230 

683 

19 

42 

210 

.86014 

,1626 

813 

18 


42 

523 

097 

.1224 

664 

18 

43 

232 

064 

.1619 

794 

17 


43 

545 

149 

.1217 

• 644 

17 

44 

254 

115 

.1612 

775 

16 


44 

566 

201 

.1211 

625 

16 

45 

.65276 

.86166 

1.1606 

.75756 

15 


45 

.66588 

.89253 

1.1204 

.74606 

15 

46 

298 

216 

.1599 

738 

14 


46 

610 

306 

.1197 

586 

14 

47 

320 

267 

.1592 

719 

13 


47 

632 

358 

,1191 

567 

13 

48 

342 

318 

.1585 

700 

12 


48 

653 

410 

.1184 

548 

12 

49 

364 

368 

.1578 

680 

11 


49 

675 

463 

.1178 

528 

n 

50 

.65386 

.86419 

1.1571 

.75661 

10 


50 

.66697 

.89515 

1.1171 

-74500 

10 

ol 

408 

470 

.1565 

642 

9 


51 

718 

567 

.1165 

489 

9 

52 

430 

521 

.1558 

623 

8 


52 

740 

620 

.1158 

470 

S 

53 

452 

572 

.1551 

604 

7 


53 

762 

672 

.1152 

451 

7 

54 

474 

623 

.1544 

585 

6 


54 

783 

725 

.1145 

431 

6 

55 

.65496 

.86674 

1.1538 

.75566 

5 


55 

,66805 

.89777 

1.1139 

.74412 

5 

56 

518 

725 

.1531 

547 

4 


56 

827 

830 

.1132 

392 

4 

57 

640 

776 

.1524 

528 

3 


57 

848 

883 

.1126 

373 

3 

58 

562 

827 

.1517 

509 

2 


58 

870 

935 

.1119 

353 

2' 

59 

584 

878 

.1510 

490 

1 


59 

891 

.89988 

.1113 

334 

Ij 

60 

.65606 

.86929 

1.1504 

.75471 
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.66913 

.90040 

1.1106 

,74314 
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lO’J 
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,B¥mi 

251 

.lOMi 

237 

.67C?21 

.90304 

1.1074 

.74217 

U43 

357 

.OJ67 

ios 

064 

410 

,1061 

178 

i]M.» 

463 

.1054 

159 

107 

516 

.1048 

139 

.67129 

,90569 

1,1041 

.74126 

15! 

621 

.ia:i5 

liA} 

172 

674 

.1028 

UM? 

194 

727 

.1022 

061 

215 

781 

.1016 

041 

.67237 

.90834 

1.1009 

.74022 

25S 

887 

.1003 

.74?xr2 

2S0 

940 

.0996 

.73983 

301 

.90993 

.0990 

963 

323 

.91046 

.0983 

944 

.67344 

.91099 

1.0977 

.73924 

366 

153 

.0971 

904 

3S7 

206 

.0964 


409 

259 

.0958 

^>5 

430 

313 

.0951 

846 

.67452 

.91366 

1.0945 

.73826 

473 

419 

.0939 

bm 

495 

473 

.0932 

787 

516 

526 

.0926 

767 

53S 

580 

.0919 

747 

.67559 

.91633 

1.0913 

,73728 

580 

687 

.0907 

708 

602 

740 

.0900 

688 

623 

794 

.0894 

669 

645 

847 

.0888 

649 

.67666 

.91901 

l.OSSl 

.73629 

688 

.91955 

.0875 

610 

709 

,92008 

,0869 

590 

730 

062 

.0862 

570 

752 

116 

.0856 

551 

.67773 

.92170 

1.0850 

.73531 

795 

224 

.0843 

511 

816 

277 

.0837 

491 

S37 

331 

.0831 

472 

859 

385 

.0824 

452 

.67880 

.92439 

1,0818 

.73432 

901 

493 

.0812 

413 

923 

547 

.0805 

393 

944 

601 

.0799 

373 

965 

655 

.0793 

353 

.67987 

.92709 

1.0786 

.73333 

.68008 

763 

.0780 

314 

029 

817 

.0774 

294 

051 

872 

.0768 

274 

072 

926 

.0761 

254 

.68093 

.92980 

1.0755 

.73234 

115 

,93034 

.0749 

215 

136 

088 

.0742 
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.0736 
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395 

.04, >3 

357 

.69046 

.95451 

1.0477 
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o — Values of Trigonometric Functions 
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Sin 

Tan 

Ctn 

Cos 


0 



l.s)35ri 

.71934 

60 

1 

4S7 

625 

.6349 

914 

59 

2 


6M 

.0343 

S94 

58 

n 

52»J 

73S 

.0337 

S73 

■Oi 

4 


794 

.a‘131 

S53 

56 

5 

.69570 

.96S50 

1.0325 

.71S33 

55 

fi 

591 

9U7 
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S13 

54 

7 
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792 

53 

8 

033 
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.0307 

772 

52 

9 

654 
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752 

51 

10 
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49 

'I 
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47 

14 
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15 
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17 
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TABLE 


COMMOA’ LOGARITHMS 

OF THE 

TRIGONOMETRIC FUNCTIONS 

FROM 

0^ TO 90° AT INTERVALS OF ONE MINUTE 

TO 


nXE DECDIAL PLACES 

From each logarithm given, subtract 10 


Table Ilia— Auxiliary Table of S and T for A in Minutes 

5 ~ log sin A “ log A.' and T = log tan A ~ log 


■ 


T-10 

■ 

A- 

r-10 

0' - 

2t/ 

0.40373 


13: ’ ~ M3' 

0.40394 

27' - 

39' 

74 


134' - 1.3G' 

95 

40' - 

48' 

to 


137' - 139' 

96 

49' - 

50' 

0.4G370 


140' - 142' 

0.403^>7 

57' — 

63' 

77 


143' - I4.V 

98 

04' - 

69' 

78 


140’ ~ 14v' 

99 

70' - 

74' 

C.46379 


U9' ~ 150* 

6.4&4(MS 

75' - 

SO' 

SO 


151' - 153" 

01 

81' ~ 

S5' 

81 


154' - 150* 

02 

SO' - 

S9' 

6.46382 


157' - 15S' 

6.46403 

90' - 

94'! 



159' - 101' 

l>| 

95' - 

98' ’ 

.84 


162' - 163' 

05 

99' -> 

102' 

6.463S5 


164' - 166' 

6A&4m 

io,r - 

100' ! 

86 


167' - 168' 

07 

107' - 

110' 1 

S7 


169' - 171' 

08 

111' - 

113' 

6.4638S 


172' - 173' 

6.46409 

114' - 

117' 

S9 


174' - 175' 

: 10 

US' - 

120' 

90 


176' - 178' 

' 11 

121' - 

124' 

6.46391 


179' - L8i' 

6.46412 

125' - 

127' 

92 


181' - M2' 

13 

12b' ~ 

130' 

93 

■ 

isr - Ml' 

14 


A' 

S+10 

0' - 13' 

6.46373 

14' - 42' 

72 

43' - 58' 

71 

59' - 71' 1 

6.46370 

72' ~ SI' 

69 

82' - 91' 

6S 

92' - 99' 

6.463G7 

100' - 107' 

66 

lOS' - 115' 

65 

116' - 121' 

6.46364 

122' - 12S' 

63 

129' - 134' 

62 

235' - 140' 

6.46361 

141' - 146' 

60 

147' - 151' 

59 

1.52' - 157' 

6.4635S 

15S' - 162' 

57 

103' - 167' i 

50 

16S' - 171' 

6.4635^;> 

172' - 176' 

54 

177' - isr 

53 


For small angles: log sin A - log A^ -4* S and log tan .4 « log .4 -f F- 
For angles near 90°; log cos A = log — AY -f iS, log ctn -4 = log — -1)^ 
+ T where A' == number of minutes in A, and (90° - AY =* numl>er of minutes 
in 90» - A, 











46 0® — Logarithms of Trigonometric Functions 


LTan I cd I L Ctn L Cos 


6.40 373 

6.70 470 
G.94 OSo 
7.0G 579 

7.16 270 
7.24 ISS 

7.30 8S2 

7.36 682 

7.41 797 
7.46 373 

7.50 512 

7.54 291 

7.57 767 
7.60 9S5 
7.63 9S2 
7.66 7S4 
: 7.69 417 

7.71 900 

7.74 248 
7.76 475 

7.75 594 

7.50 615 
7.S2 545 

7.54 393 

7.56 166 

7.57 S70 
7,S9 509 

7.91 OSS 

7.92 612 

7.94 0S4 
i .90 oOS 
7.96 8S7 

7.95 223 
7.99 520 
8.00 779 

8.03 002 

8.03 192 

8.04 350 

8.05 478 

8.06 578 

8.07 650 

8.0S 696 

8.09 718 
8.10717 

8.11 693 

8.12 647 

8.13 581 

8.14 495 

8.15 391 

8.16 268 

8.17 128 

8.17 971 

8.18 798 

8.19 610 

5.20 407 
8.21 189 

8.21 958 

8.22 713 

8.23 456 

8.24 186 


L Cos 


0.46 373 
G.76 476 
G.94 0S5 
7.06579 

7.16 270 

7.24 ISS 

7.30 SS2 

7.36 682 

7.41 797 
7.46 373 

7.50 512 

7.54 291 

7.57 767 
7.60 9S6 
7.G3 9S2 
7.66 785 
7.69 41S 

7.71 900 
7.74 248 

7.78 595 

7.50 615 
7.S2 546 
7.84 394 

7.56 167 

7.57 871 
7.89 510 
7.91 0S9 

7.93 613 

7.94 086 

7.95 510 

7.96 889 

7.9S 225 
7.99 522 
8.00 781 

8.02 004 

8.03 194 

5.04 353 

5.05 4S1 

8.06 581 

8.07 653 
8,08700 

8.09 722 

5.10 720 

8.11 696 

8.12 651 

8.13 585 

8.14 500 

8.15 395 

8.16 273 

5.17 133 

8.17 976 

8.18 804 

5.19 616 

8.20 413 

8.21 195 

8.21 964 

8.23 720 

8.23 462 

8.24 192 


13.53 627 

13.23 524 
13.05 915 

12.93 421 

12.83 730 

12.75 812 
12.69 IIS 
12.63 318 
12.58 203 

12.53 627 
12.49 488 
12.45 709 
12.42 233 
12.39 014 

12.36 OIS 
12.33 215 

12.30 582 
12.28 100 
12.25 752 

12.23 524 

12.21 405 
12.19 385 
12.17 454 
12.15 606 
12.13 833 
12.12 129 
12.10490 
13.08911 

12,07 387 
12.05914 
12.04490 
12.03 111 
12.01 775 
12.00478 
11.99219 
11.97 996 

11.96 806 

11.95 647 

11.94 519 
11.93 419 
11.92 347 
11.91 300 
11.90 278 
11.89 280 
11.88 304 
11.87 349 
11.86 415 
11.85 500 

11.84 605 

11.83 727 

11.83 867 

11.83 024 
11.81 196 
11.80384 
11.79 587 

11.78 805 

11.78 036 
11.77 280 

11.76 538 
11.75 808 


L Tan 


10.00 

000 

10.00 

000 

10.00 

000 

10.00 

000 

10.00 

000 

10.00 

000 

10.00 

000 

10.00 

000 

10.00 

000 

10.00 

000 

10.00 

000 

10.00 

000 

10.00 

000 

10.00 

000 

10.00 

000 

10.00 

000 

10.00 

000 

9.99 

999 

9.99 

999 

9.99 

999 

9.99 

999 

9.99 

999 

9.99 

999 

9.99 

999 

9.99 

999 

9.99 

999 

9.99 

999 

9.99 

999 

9.99 

999 

9.99 

998 

9.99 

998 

9.99 

998 

9.99 

998 

9.99 

998 

9.99 

998 

9.99 

998 

9.99 

998 

9.99 

997 

9.99 

997 

9.99 

997 

9.99 

997 

9.99 

997 

9,99 

997 

9.99 

997 

9.99 

996 

9.99 

996 

9.99 

996 

9.99 

996 

9.99 

996 

9.99 

996 

9.99 

995 

9.99 

995 

9.99 

995 

9.99 

995 

9.99 

995 

9.99 

994 

9.99 

994 

9.99 

994 

9.99 

994 

9,99 

994 

9.99 

993 


L Ctn 




igents of angles greater than 87°), see Table Ilia, p. 45. 
kbular difl’eronces are large, that method is usually bettor. The 
rts stated for 1° and 2° in tJiis table are sufficient when groat 
required, even if the ordinary method of interpolation is used. 
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^,.4: 

s,- 2 i ms, 

h.26 304 
fe.26 9S8 
S.2T66I 
^.28 324 
S.2S 977 

5.29 621 

5.30 233 

10 8.30 879 

11 8.31495 

12 8.32 103 

13 8.32 702 

14 8.33 292 
16 S.33S75 

16 S.34 450 

17 8.35 018 

15 S.35 57S 

19 S.38 131 

20 S.36 67S 

21 8.37 217 
8.37 750 

23 8.38276 

24 8.3S796 
26 S.39 310 
26 8.39 818 

8.40 320 

28 S.40S16 

29 8,41307 

30 8.41 792 

31 8.43 272 

32 S.42 746 

33 8.43 216 

34 8.43 6S0 

35 8.44 139 

36 8.44 594 

37 8.45 044 1 

38 8.45 489 

39 8,45 930 

40 8.46 366 

41 8.46 799 

42 8.47 226 

43 8.47 650 

44 8.48 069 

45 8.4S4S5 

46 8.48 806 

47 8.49 304 

48 8.49 708 

49 8.50108 
60 8.50 504 

8.50 897 

8.51 287 

53 8.51 673 

54 S.52 055 

55 8.52 434 

56 8.52 810 

57 8.53 183 

58 8.53 552 

59 8.53 919 

60 8.54 282 


L Cos 


L Tan led? 


>.24 192 

8.24 910 _ 

8.25 616 

8.26 312 e?! 

5.26 990 

5.27 6C9 
S.2S332 ^ 

8.28 9bG 

5.29 629 

8.30 263 

8.30 88S I':! 
8.31505 
8.32 112 ^ 

8.32 711 

8.33 302 ^ 

8.33 886 

5.34 461 

8.35 029 ^ 

8.35 590 fji 

8.36 143 ^ 

5.36 6S9 ^ 

5.37 229 

5.37 762 ^ 

5.38 2S9 

5.38 809 

8.39 323 ^ 

8.39 832 ^ 

8.40 334 ^ 

8.40 830 
8.41321 

8.41 807 ^ 

8.42 287 

8.42 762 

8.43 232 

5.43 696 
8.44156 

8.44 611 

8.45 001 ™ 

8.45 507 
8.45948 ^ 

8.46 385 

8.46 817 «- 

8.47 245 

8.47 669 j'A 

8.48 089 

8.48 505 

5.48 917 

8.49 325 

8.49 729 ^ 
8.50130 

8.50 527 
8.50 920 ^ 
8.51310 
8.51696 ^ 
8.52 079 ^ 
8.52 459 

8.52 835 

8.53 208 
8.53 578 

8.53 945 

8.54 308 


L Ctn 



i 1.4.,> >».'> 

11.75 »;9?* 
11.74 a>i 


!i.7166s 
11.71 014 


1 1.09 1 3* 
11.69 112 
11.6b 495 
11.67 8bS 


11.66 69b 
11.66 114 
11.65 539 
11.64 971 
11.64 410 
11.63 857 
11.63 311 


11.61711 
11-61 191 
11.60 677 
11.60 168 
11.59 666 
11.59 170 
11.58 679 
11.58 193 


lUlCTiariBl 


11.57 238 
11.56 768 
11.56304 
11.55 844 
11.55 3S9 
11.54 939 
11.54 493 
11.54 052 
11.53 015 
11.53 183 
11.52 755 
11.52 331 
11.51 911 

11.51 495 

11.51 083 
11.50 675 
11.50 271 
11.49 870 
11.49 473 
11.49 080 
11.48 690 
11.48 304 
11.47 921 
11.47 541 
11.47 165 
11.46 792 
11.46422 
11.46 055 
11.45 692 


LTan t LSin 



9.99 

9.99 "jv-i. 

9.99 Ih"- 
0.99 9fi2 

9.99 O^JL' , 
0.99 9«j2 ■ 
0.9^9 992 

9.99 991 

9.99 091 

9.99 9i.^l 
9.1»9 OLHi 
9.90 

9.99 18*0 
9.99 990 
9.9<9 989 
9.99 9>9 
9.99 9>9 
9.99 989 
9.99 988 
9.99 yS8 
9.99 98S 
9.99 987 
9.99 987 
9.99 987 
9.91* 986 
9.99 9Mi 
9.99 986 
9.99 985 
9.99 9S5 
9.99 9S5 
9.99 984 
9.99 984 
9.99 984 
9.99 983 
9.99 983 
9.99 983 
9.99 9>2 
9.99 982 I 
9.99 982 
9.99 9S1 

9.99 981 

9.99 981 

9.99 980 
9.99 9S0 
9.99 979 
9.99 979 
9.99 979 
9.99 978 
9.99 978 
9.99 977 
9.99 977 
9.99 977 
9.99 976 
9.99 976 
9.99 975 
i 9.99 975 
'9.99 974 

9.99 974 
9.99 974 


na rtf Trifrftnometric FuucUouS 
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L Sin ! d I L Tan c d L Ctn j L Cos 


S.54 2$2 
S.54 642 

5.54 999 

5.55 354 

5.05 705 

8.56 054 

5.56 400 

5.06 743 

5.57 0S4 
S.5742i 
S.57 757 
S.5S 0S9 
S.5S 419 
S.5S 747 
S.59 072 

5.59 395 

8.59 715 

5.60 033 

8.60 349 
8.60 662 

8.60 973 

8.61 282 

5.61 589 

8.61 894 

5.62 196 

8.62 497 

8.62 795 

8.63 091 

8.63 385 

8.63 678 

8.63 968 

8.64 256 
8.64 543 

8.64 S27 

8.65 110 
8.65 391 
S.C5 670 

8.65 947 

8.66 223 
8.66 497 

8.66 769 

8.67 039 

5.67 308 

8.67 575 

5.67 841 

8.68 104 

5.68 367 

8.68 627 

8.68 S86 

8.69 144 
8.69 400 
8.69 654 

8.69 907 

8.70 159 
8.70 409 
8.70 658 

8.70 905 

5.71 151 

8.71 395 
8.71 638 
8.71 880 


L Cos 


8.54 30S 

5.54 609 

5.55 027 

5.55 3S2 

5.50 734 

5.56 0S3 

5.56 429 

5.50 773 

5.57 114 

1336 

■300 

ig- S.5S121 
S.5S451 
^ S.5S779 
S.59 105 

13^0 

3-0 i,.59 749 

|3JS S.G0 06S 
I 3}^ S.60 3S4 
!|}3 s. 60 698 
i “ 8.61009 
3^ S.61 319 
30t 8.61626 
30^ S.61 931 
8.62 234 
'Zt 8.62 535 
fj: S.62S34 
200 S.63131 
204 8.63 426 
^3 S.63 71S 

8.64 009 
2f? S.64 29S 
|2|- S.64 5S5 

S.64S70 
i;|f S.65 154 

5.65 435 
ZLZ S.65 715 
Izi S.G5 993 
i;;:® S.66 269 

8.66 543 
8.66 816 

270 8,67 087 
I 200 8.67 356 

8.67 624 
III S.67 890 
I" 8.68154 
I 2^ 8.68 417 
|2!0 S.6S67S 
Ire® 8.68 938 

8.69 196 

8.69 453 
2^ 8.69 708 
2^3 S.69 962 
2^ 8.70 214 
2g 8.70465 

8.70 714 
8.70 962 

2’® 8.71208 
III 8.71453 
III 8.71697 
“ 8.71 940 


11.45 092 
11.45 331 
11.44 973 
11.44 018 
11.44 206 
11.43 917 
11.43 571 
11.43 227 
11.42 SS6 
11.42 54S 
11.42 212 
11.41 879 
11.41 549 
11.41 221 
11.40 895 
11.40 572 
11.40 251 
11.39 932 
11.39 616 
11.39 302 
11.38 991 
11.38 6S1 
11.38 374 
11.38 069 
11.37 766 
11.37465 
11.37 166 
11.36 869 
11.36 574 
11.36 282 
11.35 991 
11.35 702 
11.35 415 
11.35 130 
11.34 846 
11.34 565 
11.34 285 
11.34 007 
11.33 731 
11.33 457 
11.33 184 
11.32 913 
11.32 644 
11.32 376 
11.32 110 
11.31 846 
11.31 5S3 
11.31 322 
11.31 062 
11.30 804 
11.30 547 
11.30 292 
11.30 038 
11.29 7S6 
11.29 535 
11.29 286 
11.29 038 
11.2S 792 
11.28 547 
11.28 303 
11.28 060 


9,09 974 60 
9.99 973 59 

9.99 973 5S 

9.99 972 57 

9.99 972 50 
9.99 971 55 
9.99 971 54 
9.99 970 53 
9.99 970 52 
9.99 969 51 
9.99 969 50 
9.99 9GS 49 
9.99 90S 4S 
9.99 967 47 
9.99 967 46 
9.99 967 45 
9.99 966 44 
9.99 966 43 
9.99 965 42 
9.99 964 41 
9.99 964 40 
9.99 963 39 
9.99 963 38 
9.99 962 37 
9.99 962 36 
9.99961 35 
9.99 961 34 
9.99 960 33 
9.99 960 32 
9.99 959 31 
9.99 959 30 
9.99 958 29 
9.99 958 28 
9.99 957 27 
9.99 956 26 
9.99 956 25 
9.99 955 24 
9.99 955 23 
9.99 954 22 
9.99 954 21 
9.99 953 20 
9.99 952 19 
9.99 952 18 
9.99 951 17 
9.99 951 16 
9.99 950 15 
9.99 949 14 
9.99 949 13 
9.99 948 12 
9.99 948 11 
9.99 947 10 
9.99 946 
9.99 946 
9.99 945 
9.99 944 
9.99 944 
9.99 943 
9.99 942 
9.99 942 
9.99 941 
9.99 940 


35S am 

.73 •§ “0 

lyb.5 1?55 

112.0 I4i) 

177.5 175 

213.0 210 

245.5 245 

254.0 2m 
3iy.5 m 


f-O 201 :q 


60 

65.0 

64 

99 

97.5 

96 

132 

130.0 

128 

105 

162.5 

160 

193 

195.0 

192 

231 

227.6 

224 

264 

260.0 

256 

297 

292.5 

288 



300 

295 

290 

2 1 

60 

59.0 

58 

3 

90 

88.5 

87 

4 1 

120 

IIS.O 

116 

5 ! 

150 

147.5 

145 

0 I 

ISO 

177.0 

174 

7 i 

210 

206.5 

203 

S j 

240 

236.0 

232 

9 i 

270 

265.5 

261 


286 

280 

275 


2 

67.Q 

56 

55.0 

3 

85.5 

84 

82.5 

4 

114.0 

112 

110.0 

5 

142.5 

140 

137.5 

6 

171.0 

168 

165.0 

7 

199.5 

196 

192.5 

S 

228,0 

224 

220.0 

9 

256.5 

252 

247.5 


270 

265 

2S0 


54 

53.0 

52 

81 

79.5 

78 

IQS 

106.0 

104 

135 

132.5 

130 

162 

159.0 

156 

189 

185.5 

182 

216 

212.0 

208 

243 

238.5 

234 

255 

250 

345 


102.0 

100 

98.0 

127.5 

125 

132.5 

153.0 

150 

147.0 

178.5 

175 

171.5 

204.0 

200 

196.0 

229.5 

226 

220.5 


L Ctn f c d 1 L Tan 


87‘> — Logarithms of Trigonometrie Functions 
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S.TGOlo 

19 ^.76 234 

20 S.76 4ol 

21 ^.76 607 
5>.76S.S3 


>.7S 152 
3G0 
b.7S o6S 
5^.7S 774 
S.7S 979 
b.79 1S3 

34 I 8.79 3SG 

35 S.79 5SS 
30 I 8.79 789 


S,79 990 I S! 


38 S.S0 189 

39 S.80 38S i 
^ S.SO 5S5 
4i 8.80 7S2 

5.50 978 
8.81 173 

5.51 307 

5.51 560 


S.Sl 944 

48 S.S2 134 

49 S.S2 324 

50 S.S2 513 

51 8.82 701 
S.82 SSS 
S.S3 075 
S.S3 261 
S.S3 446 
S.$3 630 

57 S.83 S13 
5S I S.S3 996 


>.7i 940 
^.72 ISI 

S.72 420 

5.72 059 

8.72 890 

5.73 132 

8.73 300 

8.73 000 

5.73 8;.J2 

5.74 063 

S.74 292 

S.74 521 

S.74 748 

5.74 974 

5.75 199 

5.75 42;i 

5.75 645 

5.75 867 

5.76 OS7 

8.76 306 


5.77 600 

8.77 Si 1 

S.7S 022 
S,7S232 
S.7S441 

5.75 649 

8.75 855 

5.79 061 

5.79 266 

5.79 470 

8.79 673 

5.79 S75 

S.SO 076 


8.50 476 

5.50 674 


S.Sl 06S 

5.51 264 

5.51 459 

5.51 653 

5.51 846 

5.52 038 

S.S2 230 

S.S2 420 
S.82 610 

S.S2 799 

5.52 9S7 

5.53 175 

S.S3 361 

S.S3 547 

S.S3 732 

5.53 916 

8.54 100 

5.84 2S2 

8.84 464 


LCtn i 


il.28WJ 

9.'» 941? 

11.27 819 

9.‘Aj 0 

11.27 55.0 

U.Wi 9:>9 

11.27 341 

9.V*9 O'J'. 

11.27 104 

9.'.«9 93 > 

11.26 868 

9.0n« 937 

11.26 634 

936 

11.26 4»A^ 

0.’A9 936 

11-26 168 

9.99 935 

11.25 937 

9.1^9 934 

11.25 70S 

9.99 934 

11.25 479 

iK09 933 

11.25 252 

9.99 932 

11.25 026 

9.99 932 

11.24 801 

9.1*9 931 

11.24 577 

9.99 930 

11.24 355 

9.i?9 929 

11.24 133 

9.99 920? 

11.23 913 

9.99 928 

11.23 694 

9.99 927 

11.23 475 

9.99 926 

11-23 258 

9.99 926 

11.23 042 

9.1»9 925 

11.22 827 

9.99 924 

11.22 613 

9.99 923 

11.22 400 

9-93 ^2'i 

11.22 189 
11.21 978 

9 .0..'* ‘*1:2 
9.99 'J21 

11.21 70S 

' iOV?.* 92» • 


11.21 559 

11.21 351 

11.21 145 

11.20 939 

11.20 734 

11.20 530 

11.20 327 

11.20 125 

11.19 924 

11.19 723 

11.19 524 

11.19 326 

11.19 128 

ll.lS 932 
11.18 736 
I1.1S541 

ll.lS 347 
11.18 154 

11.17 9ti2 


11.17 580 

11.17 390 

11.17 201 

11.17 013 

11.16 825 
11.16639 
11.16453 
11.16268 
11.16084 
11.15 900 
11.15718 
11.15 536 


c d I L Tan 


9.99 920 

9.99 919 

9.99 915. 
iKW 917 

9.99 917 

9.99 916 

9.99 915 

9.99 914 

9.99 913 

9.99 913 

9.99 912 

9.99 911 

9.99 910 

9.99 909 

9.99 909 

9.99 9Cs> 

9.99 ‘.M37 

9.99 906 

9.99 905 

9.99 904 

9.99 904 

9.99 9C!3 
9.»i9 902 

9.99 901 

9.99 900 

9.99 899 

9.99 898 

9.99 89S I 

9.99 S97 

9.99 S96 

9.99 S95 
9.9*> 894 


1 Prop. Pts. 

sio 

23S 

!S30 

2 AH 

4T.fi 

4*-', 

3 72 

7tL5 

60 

4 

91 0 


5 12)1 

ii:.5 

l!5 

6 lit 

lii.O 

13 N 

7 It, A 


1*11 

H 192 

u 

1st 

U i 22S 

211.5 

207 

its 

229 

SIS 

2 45„0 

44.0 

4.3 0 

3 67.5 

56.U 

64.5 

+ 9«j,a 

Sn i) 

iStiiJ 

5 1 12.5 

11-MI 

lur.' 

?3 i3.>.a 

132.0 

! 2'j. 5.1 

7 1.57.5 

154 U 

1.5* f .5 

s 1^0 0 

176 6 

172 t; 

9 262.5 

198.0 

193.5 

313 

211 

208 

2 42,6 

42,2 

4! 6 

3 63.9 

63 :t 

« 4 

4 S5.2 

S4.4 

H.1.2 

5 IAV5 

105 5 

i;m,o 

6 127.8 

12i'-,6 

124.8 

7 149., 1 

147 7 

I4S6 

S 370.4 

IfvS H 

166 4 

y 181.7 


187.2 

so* 

29S 

S31 

2 41.2 

4?,16 

40.2 

3 6!..8 

tW.9 

ill .3 

4 82,4 

HU 

80.4 

5 1!WJ> 

101.5 

1SM3.5 

fl I23.'S 

121.8 

12II.6 

7 144.2 

1424 

140.7 

S , 164 S 

162,4 

ino.s 

8 t l!s5,4 

182.7 

IS0,9 

iSf 

197 

191 

2 > 39 

.39,4 

39 0 

3 59,7 


.5.8 5 

4 79.6 

7,S H 

7h J> 

5 9?? 5 

'» 

t?7 ." 

6 119.4 

U '> 2 

U7U 

7 j 111 i 


! 

4 i IVj.J 

1.5:6 

1 56, U 

8 5 178.1 

177 3 

175.5 

193 

in 

193 

2 j 3S 6 

3S.4 

•i.8 0 

3 57 9 

57.fi 

57.0 

4 i 77 2 

76 *< 

76 0 

5 I 96', 5 


9.5 ij 

« i I1.S..S 

1 15,2 

114.U 

7 1-35.1 

334.4 

1.33 0 

.S ’ 1-H.4 

i.>;i,6 

152 n 

9 i 173.7 

172.8 

271.0 

iss 

1S$ 

184 

2 ! 37.S 

37.2 

36 8 

3 56.4 

55.8 

5,5,2 

4 . .rj.2 

74,4 

73 6 

5 84,0 

B3.0 

92 0 

6 112.S 

111.6 

110,4 

7 131.6 

130 2 

328 8 

6 1 5*.) .4 

148.8 

147,2 

9 169.2 

167.4 

m.6 

ISS 

ISf 

U1 

2 36,6 

36,4 

m.2 

3 54.9 

MS 

M.3 

4 73, t 

72, S 

73 4 

5 91.5 

§l Q 

90.5 

« 109,6 

109 2 

im.t 

7 i 12S,1 

127.4 

m.T 

: H6 4 

145 6 

IU.'H 

i i 1*4.7 

163.8 

162 *1 


L Cos i d 
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4“ — Logaritlinis of Trigonometric Functions [in 



LSm 1 

d 1 

1 L Tan j 

led 

LCttt 1 

1 LCos 


Prop, Fts. 

0 

S.S4 35S 


b.84 

464 


11.15 

536 

9.99 

894 


181 

ISO 


1 

8,84 539 


S.84 

646 

182 

11.15 

354 

9.99 

893 


17* 

2 

8.S4 718 


8.84 

826 

ISO 

11,15 

174 

9.99 

S92 


30.2 

36.0 

S-xS 

3 

8,S4 897 


8.83 

006 

ISO 

11.14 

994 

9.09 

891 

4 

72.4 

72.0 

71 6 

4 

8.85 075 


8.S3 

183 

li9 

11.14 

815 

9.99 

891 

5 

90.5 

90.0 


5 

8.S5 252 


S.So 

363 

17$ 

11.14 

637 

9.99 

S90 

6 

7 

105.6 

126.7 

108.0 

126.0 

107.4 

125.3 

6 

8.65 429 


b.=83 

540 

177 

11.14 

460 

9.99 

889 

S 

344.8 

144.0 

143J 


S.S5 605 

'6 

8.83 

717 

i * 4 

11,14 

2S3 

9.99 

S8S 



162.0 

161.1 

S 

S.S5 780 

.75 

8..85 

893 

176 

11.14 

1Q7 

9.99 

887 


177 


t77 

9 

8.S5 955 

'3 

8.86 

069 

I46 

174 

11.13 

931 

9.99 

886 

0 

35.4 

35.0 

34.6 

30 

8.S6 128 


8.86 

243 


11.13 

757 

9.99 

SS5 

3 

53.1 

52.5 

5L9 

11 

8.86 301 

173 

S.86 

417 

174 

11.13 

5S3 

9.99 

SS4 


88.5 

<0.0 

87.5 

69.2 

12 

S.S6 474 

173 

b.86 

391 

1^4 

11.13 

409 

9.99 

SS3 

6 

106.2 
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40 
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9.99 
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11.08 
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5 
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62.0 
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8.91 
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9.99 
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93.0 
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S.91 
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11.08 
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9.99 

853 

7 

109.9 
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S.91 
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S.92 
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11.07 
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9.99 
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8.92 110 
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11,07 
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9.99 

848 

2 
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30.0 

29.8 
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S.92 
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3 
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45.0 
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49 
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11.07 
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90.0 
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8.92 
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11.07 
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9.99 
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8.93 
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S,93 
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145 

29.0 

144 
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195 


11.05 
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9.99 
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35 

36 
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55 

56 
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9.02 043 
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9.02 2S3 
9.02 402 
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9.02 639 
9.02 757 
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9.02 992 

9.03 109 

9.03 220 

9.03 342 

9.03 458 
9.03 574 
9.03 690 
9.03 S05 

9.03 920 

9.04 034 
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9.04 376 
9.04 490 
9.04 603 
9.04 715 
9.04 828 

9.04 940 

9.05 052 

9.05 164 

9.05 275 
9.05 386 
9.05 497 
9.05 607 
9.05 717 
9.05 827 

9.05 937 

9.06 046 
9.06 155 

1 9,06 264 

1 9.06 372 
9.06481 
9.06 589 
9.06 696 
9.06 804 

9.06 911 

9.07 018 
9.07 124 
9.07 231 
9.07 337 
9.07 442 
9.07 548 
9.07 653 
9.07 758 
9.07 863 

9.07 968 

9.08 072 
9.08 176 
9.08 280 
9.08 383 
9.08 486 
9.08 5S9 
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IIS 

119 
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113 
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9.02 162 
9.02 283 
9.02 404 
9.02 525 
9.02 645 
9.02 766 

9.02 SS5 

9.03 005 
9.03 124 
9.03 242 
9.03 361 
9.03 479 
9.03 597 
9.03 714 
9.03 832 

9.03 948 

9.04 065 
9.04 181 
9.04 297 
9.04 413 
9.04 528 
9.04 643 
9.04 758 
9.04 873 

9.04 987 

9.05 101 

9.05 214 

9.05 328 
9.05 441 
9.05 553 
9.05 666 

9.05 778 

9.06 890 
9.06 002 
9.06 113 
9.06 224 
9.06 335 
9.06 445 
9.06 556 
9.06 666 
9.06 775 
9.06 885 

9.06 994 

9.07 103 
9.07 211 
9.07 320 
9.07 428 
9.07 536 
9.07 643 
9.07 751 

9.07 858 

9.07 964 

9.08 071 
9.08 177 
9.08 283 
9.08 389 
9.08 495 
9.08 600 
9.08 705 
9.08 810 
9.08 914 
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119 
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IIS 
119 

IIS 
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117 

115 
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117 
116 
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115 

115 

115 

115 

114 

114 

113 

114 
113 
112 
113 
112 
112 
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109 
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108 
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108 
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107 

106 
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105 
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10.97 838 
10.97 717 
10.97 596 
10.97 475 
10.97 355 
10.97 234 
10.97 115 
10.96 995 
10.96 876 
10.96 758 
10.96 639 
10.96 521 
10.96 403 
10.96 286 
10.96 168 
10.96 052 
10.95 935 
10.95 819 
10.95 703 
10.95 587 
10.95 472 
10.95 357 
10.95 242 
10.95 127 
10.95 013 
10.94 899 
10.94 786 
10.94 672 
10.94 559 
10.94447 
10.94 334 
10.94 222 
10.94 110 
! 10.93 998 
[ 10.93 887 
' 10,93 776 

J 10.93 665 
10.93 655 
10.93 444 
10.93 334 
10.93 225 
10.93 115 
10.93 006 
10.92 897 
10.92 789 
10.92 680 
10.92 572 
10.92 464 
10.92 357 

10.92 249 

10.92 142 

10.92 036 
10.91 929 
10.91 823 
10.91 717 
10.91 611 
10.91 505 
10.91 400 
10.91 295 
10.91 190 
10.91 086 

9.99 761 
9.99 760 
9.99 759 
9.99 757 
9.99 756 
9.99 755 
9.99 753 
9.99 752 
9.99 751 
9.99 749 
9.99 748 
9.99 747 
9.99 745 
9.99 744 
9.99 742 
9.99 741 
9.99 740 
9.99 738 
9.99 737 
9.99 736 
9.99 734 
9.99 733 
9.99 731 
9.99 730 
9.99 728 
9.99 727 
9.99 726 
9.99 724 
9.99 723 

9.99 721 

9.99 720 

9.99 718 

9.99 717 

9.99 716 

9.99 714 
9.99 713 
9.99 711 
9.99 710 
9.99 708 
9.99 707 
9.99 705 
9.99 704 
9.99 702 
9.99 701 
9.99 699 
9.99 698 
9.99 696 
9.99 695 
9.99 693 
9.99 692 
9.99 690 
9.99 689 
9.99 687 
9.99 686 
9.99 684 
9.99 683 
9.99 681 
9.99 680 
9.99 678 
9.99 677 
9.99 675 

60 

59 

05 
57 
56 
65 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 

1 28 
'27 
|28 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

121 m 

5 24.2 24 0 

f 60.5 60.0 

6 72.6 72.0 

7 84.7 84.0 

S 96.8 98.0 

9 108.9 108.0 1 

118 117 

2 23.6 23.4 

3 35.4 35 1 

4 47.2 46.8 

5 59.0 58.5 

§ IS'S 70.2 

7 82.Q 81.9 

S 94.4 93.6 ' 

9 106.2 105.3 h 

115 114 : 

2 23.0 22.8 ; 

3 34.5 34.2 ' 

4 46.0 45.6 - 

5 57.5 57.0 i 

6 69.0 68.4 ( 

7 80.5 79.8 3 

8 92.0 91,2 i 

9 103.5 102.6 If 

112 111 ] 

2 22.4 22.2 3 

3 33.6 33.3 i 

4 44.8 44.4 4 

5 56.0 55.5 i 

6 67.2 66.6 d 

7 78.4 77:? 1 

8 89.6 88.8 S 

9 100.8 99.9 9 

109 108 1 

2 21.8 21.6 2 

3 32.7 32.4 3 

4 43.6 43.2 4 

5 54.5 54.0 5 

6 65.4 64.8 6 

7 76.3 75.6 7 

8 87.2 86.4 8 

9 98.1 97.2 9 

106 105 1 

2 21.2 21.0 a 

3 31.8 31.5 3 

4 42.4 42.0 4 

5 53.0 52.5 a 

6 63.6 63.0 ffi 

7 74.2 73.5 7* 

8 84.8 84.0 S; 

9 95.4 94.5 9! 

From the top: 

For 6°+ or 186 
read as printed; 3 
or 276°+, re 
co-f\mction. 

From the bottom: 

For 83°+ or 263* 
read as printed; i 
173°+ or 363°+, re* 
co-function. 

wmmmm 

L Cos 

oi 

L Ctn 

mi 

L Tan 

L Sin 

/ 

Prop. Pts. 


83° — Logarithms of TVicffiTmirKiiri/* u'¥i»»/»+irk«c3 














‘ Logarithms of Trigonometric Functions 


LTan cd L Ctn f LVm I I Prop. Pts. 


9.10 304 
9.10 400 
9.10 501 
9.10 599 
9.10 697 
9.10 795 
9.10 S93 

9.10 990 

9.11 0S7 ' 

9.11 1S4 It 

9.11 2S1 % 


9.11474 , 

9.11 570 _ I 

9.11 6G6 ^ 

9.11 761 I'i 
9.11 S57 

9.11 952 p 

9.12 047 "" 

9.12 142 
9.12 236 
9.12 331 
9.12 455 
9.12 519 
9.12 612 
9.12 706 
9.12 799 II 
9.12 892 

9.12 9S5 ll 

9.13 07S li 

9.13 171 II 
9.13 263 1% 

9.13 355 
9.13 447 
9.13 539 
9.13 630 II 
9.13 722 
9.13 S13 
9.13 904 

9.13 994 

9.14 085 ll 
9,14 175 

1 9.14 266 ^ 

1 9.14 356 


L Cos 


9.10 656 

9.10 756 

9.10 S56 

9.10 956 

9.11 056 
9.11 155 
9.11 254 
9.11353 
9.11 452 
9.11551 
9.11 649 
9.11 747 

9.11 S43 
9.11943 

9.12 040 
9.12 13S 
9.12 235 
9.12 332 
9.12 425 
9.12 525 
9.12 621 
9.12 717 
9.12 S13 

9.12 909 

9.13 004 
9.13 099 
9.13 194 
9.13 2S9 

9.13 3S4 

9.13 47S 

9.13 573 
9.13 667 
9.13 761 
9.13 854 

9.13 948 

9.14 041 
9.14 134 


9.14 320 
9.14 412 
9.14 504 
9.14 597 
9.14 6SS 
9.14 780 


LCtn 



ijrjTj 

0.- tiZ'A I 46 

651 1 45 

0.96 6’ -U 


9.99 645 41 

9.99 643 40 
9.f#y642 39 
9.99 64^* 3s 
9.99 6155 37 
9.99 637 36 
9.99 6;55 35 
9.99 633 34 


9.99 625 
9.99 624 
9.99 622 
9.99 620 
9.99 61S 
9.99 617 
615 
9.99 613 
9.99 612 
9.99 610 20 
9.99 605 19 
9.99 a>7 IS 
9.99 605 17 
9.99 603 16 
9.99 601 15 
9.99 600 14 
9.99 59S 13 
9.99 596 12 
9.99 595 11 
9.99 593 10 
9.99 591 9 

9.99 559 S 
9.99 5SS 7 
9.99 5S6 6 

9.99 5S4 6 

9.99 5S2 4 

9.99 5S1 3 

9.99 579 2 

9.99 577 1 

9.99 575 0 


u I 81.3 81.0 

From ihe top: 

For 7*^ or 1^^, 
read as printed; for 
97®^ or 277®% read 
co-function. 

From Hus bc^km: 

For 82P"^ or 262®^, 
read as printed; for 
172®-’ or 3S2®-’, read 
co-function. 



. Logarithms of Trigonometric Functions 




























go — Logarithms of Trigonometric Functions 


0 9.14 3561 

1 9.14 445 

2 9.14 635 i 

3 9.14 624 i 

4 9.14 714 1 

5 9.14 803 

6 9.14 SGI 

7 9.14 9S0 

8 9.15 069 

9 9.15 157 

10 9.15 245 

11 9.15 333 

12 9.15 421 i 

13 9.15 SOS i 

14 9.15 596 

15 9-15 6S3 

16 9.15 770 

17 9.15 S57 
IS 9.15 944 

19 9.16 030 

20 9.16116 

21 9.16 203 

22 9.16 2S9 

23 9.16 374 

24 9.16 460 

25 9.16 545 

26 9.16 631 

27 9.16 716 

28 9.16 801 

29 9.16 886 

30 9.16 970 

31 9.17 055 

32 9.17 139 

33 9.17 223 

34 9.17 307 

35 9.17 391 

36 9.17 474 

37 9.17 658 

38 9.17 641 

39 9.17 724 

40 9.17 807 

41 9.17 890 

42 9.17 973 

43 9.18 055 

44 9.18137 

45 9.18 220 

46 9.18 302 

47 9.18 383 

48 9-18 465 

49 9.18 547 

50 9.18 628 

51 9.18 709 

52 9.18 790 

53 9.18 871 

54 9.18 952 

65 9.19 033 

66 9.19 113 
57 9.19 193 
68 9.19 273 

59 9.19 353 

60 9.19 433 


9.14 780 
^ 9.14 872 
9.14 963 

^ 9.15 054 2^ 
^ 9.15 145 II 

2 HIP? 2 

g 9.15 417 
g 9.15 508 2nl 
g 9,15 598 II 
^ 9.15 6SS I \ 
g 9.15 777 f. 
^ 9,15 867 22 
g 9.15 956 
g 9.16 046 22 
J 9.16135 
25 9.16 224 22 
25 9.16 312 22 
25 9,16 401 22 
22 9.16 489 21 
t 9.16 577 
25 9.16 665 21 
22 9.16 753 21 
2^ 9.16 841 2? 
f! 9.16 928 
g 9.17 016 ^ 
22 9.17 103 2? 

9.17 190 15 
22 9.17 277 2i 
22 9.17 363 25 
2 9.17 450 2 
22 9.17 536 25 
22 9.17 622 25 
22 9,17 708 22 
22 9,17 794 22 

r: 9.17 880 !: 

22 9.17 965 25 

2: 9.18 051 2- 

2! 9.18 136 2? 
22 9.18221 25 

9.18 306 

g 9.18 391 22 
22 9.18 475 2^ 

21 9.18 560 

22 9.18 644 22 
f 9.18 728 ^ 
22 9.18 812 21 

21 9.18 896 22 

22 9.18 979 25 
22 9.19 063 22 

j 9.19 146 II 
1] 9.19 229 2? 
22 9.19 312 22 
2} 9.19 395 g 

9.19 478 22 

g 9.19 643 22 
g 9.19 736 22 
g 9.19 807 22 
g 9.19 889 22 


iwossMammsm 


10.85 220 i 
10.85 12S ] 
10.85 037 I 
10.84 946 I 
10.S4 855 j 
10.84 764 I 
10.84 673 
10.84 5S3 
10.84 492 
10.84 402 ; 
10.84 312 ! 

10.84 223 

10.84 133 

10.84 044 i 
10.83 954 
10.83 865 
10.83 776 
10.83 688 
10.83 599 
10.83 511 
10.83 423 
10.83 335 
10.83 247 
10.83 159 
10.83 072 
10.82 984 
10.82 897 
10.82 810 
10.82 723 
10.82 637 
10.82 550 
10.82 464 
10.82 378 
10.82 292 
10.82 206 
10.82 120 
10.82 035 
10.81 949 
10.81 864 
10-81 779 
10.81 694 
10.81 609 
10.81 525 
10.81 440 
10.81 356 

1 10.81 272 
10.81 188 
10.81 104 
10.81 021 
10.80937 
10.80 854 
10.80771 
10.80 688 
10.80 605 
10.80 522 
10.80 439 
10.80 357 
10.80 275 
10.80 193 
10.80 111 
10.80 029 


9.99 575 60 
9.99 574 59 
9.99 572 5S 
9.99570 57 
9.99 568 56 
9.99 566 65 
9.99 5G5 54 
9.99 563 53 
9.99 561 52 
9.99 559 51 
9.99 557 50 
9.99 556 49 
9.99 554 48 
9.99 552 47 
9.99 550 46 
9.99 548 45 
9.99 546 44 
9.99 545 43 
9.99 543 42 
9.99 641 41 
9.99 539 40 
9.99 537 39 
9.99 535 38 
9.99 533 37 
9.99 532 36 
9.99 530 35 
9.99 528 34 
9.99 526 33 
9.99 524 32 
9.99 522 31 
9.99 520 30 
9.99 518 29 
9.99 517 28 
9.99 515 27 
9.99 513 26 

9.99 511 25 

9.99 509 24 

9.99 507 23 
9.99 505 22 
9.99 503 21 
9.99 501 20 
9.99 499 19 
9.99 497 18 
9.99 495 17 
9.99 494 16 
9.99 492 15 

,9.99 490 14 
9.99 488 13 
9.99 486 12 
9.99 484 11 
9.99 482 10 
9.99 480 9 

9.99 478 
9.99 476 
9.99 474 
9.99 472 
9-99 470 
9.99 468 
9.99 466 
9.99 464 
9.99 462 



17.6 

26.4 { 26.1 
35.2 1 34.8 
44.0 

6 53.4 52.8} 52J2 

7 62.3 61.6 60.9 

8 71.2 70.4 

9 80.1 79.2178.3 



From the top: 

For or 18a»+» 
read as printed; for 
98^ or 278^, read 
co-function. 

From the bottom: 

For 81*=^ or 261«+, 
read as printed; ftw 
171®-^ or 361% read 
oo-funGtion. 




81 ” — Logurithnu of Trigonometric Functions 













9"* — Logarithittis of Trigonometric Fimetioiis 55 


L Sin d 


'j.l9 5y'J 
■jaini72 
a 19 75 1 
9.19 &30 ll 
9.19 9tH9 ^ 

9.19 9-^S ^ 

9.2s'> 097 
0j2m 145 : 

9.20 223 
9.20 302 
9.20 SS-i 

13 9.20 45S 
U 9.20 535 

15 9.20 613 

16 9.20 691 

9.20 76S 
IS 1 9.20 845 
19 1 9.2t) 922 
20 1 9.20 999 

9.21 07G 
9.21 153 

“3 9.21 229 

24 9.21306 
26 9.21 3S2 

26 0.21 45S 

27 9.21534 

25 9.21 610 i 

29 9.21 685 

30 9.21 761 

31 9.218:36 
9.21 912 

33 9.21 9S7 

34 9.22 062 
36 9.22 137 

36 9.22 211 

37 9.22 286 1? 

35 9.22 361 

39 9.22 435 IJ 

40 9.22 509 ' 

41 9.22 583 

42 9.22 657 

43 9,22 731 _ 

44 9.22 S05 

45 9-22 STS ' 

46 9.22 952 ** 

47 9.23 025 H 
4S 9.23 09S li 

49 9.23 171 lx 

50 9.23 244 ' 

51 9.23 317 Ix 

52 9.23 390 1“ 

53 9-23 462 it 

54 9J23 535 IJ 
56 9.23 607 ' 

56 9.23 679 H 

57 9.23 752 1? 

58 9.23 823 1* 

59 9.23 895 

9.23 967 “ 


I* Cos 


L Tan cd; L <'tn 


■1.19 >7- ^ 


Prop. Pl«. 


9.20 ‘hjA : 
9.20 13 4 i 
9.20 210 i 
9.20 207 I 
9.20 378 I 
9.20 459 
9.20 540 ; 
9.20 621 
9.20 701 i 
9.20 7$2 
9.20 8 Ij2 

9.20 942 

9.21 022 

9.21 102 

9.21 182 
9.21 201 

9.21 341 

9.21 420 

9.21 499 
9.21 578 
9.21 057 
9.21 730 
9.21 814 
9.21 893 

9.21 971 
9,2*2 049 

9.22 127 
9!*22 ‘205 
9.‘22 26S 
9.22 301 
9.22 438 
9.22 516 
9.22 593 
9.‘22 670 
9.22 747 
9.22 824 
9.22 901 

9.22 977 

9.23 054 
9.23 130 
9.23 206 
9.23 283 
9.23 359 
9.23 435 
9.23 510 
9.23 5S6 
9.23 661 
9.23 737 
9.23 812 
9.23 SS7 

9.23 962 

9.24 037 
9.24 112 
9.24 1S6 
9.24 261 
9.24 335 
9.24 410 
9/24 484 
9.24 558 
9.24 632 


LCtn 


i^--.79 9-47 I 
10.79 tMjU \ 
10.79 7.^11 
10.79 7U3 ^ 
10.79 622 

10.79 541 
*‘*.79 4*'.“'? 
i-:f*.37*.' 

10.79 299 i 

10.79 21S 
i;.079 13s 

XX i0.79 05;s 
^ 10,78 07.S 
^ 10.78 89s 
" 10,78 818 

10.78 7.J9 
11078 659 
10.78 084 « 
10.78 501 
10.7S422 
1<.|.78 343 
10.78*264 
10.78 I8i» 
10.78 107 
10.78 029 
10.77 951 
10.77 873 
10.77 795 
10.77 717 
10.77 639 
10.77 562 
10.77484 
10.77407 
10.77330 
10.77253 
10.77 176 
10.77099 
10.77 023 
10.76946 
10.76 870 
10.76 794 
10.76717 
10.76641 
10.76565 
10.76490 
10.76414 
10.76339 
10.76 263 
10.76 188 
10.76 113 
10.76 038 
10.75 963 
10.7o S88 
10.75 814 
10.75 739 
10.75 665 
10.75 590 
10.75 516 
10.75 442 
10.75 36S 


cdj LTan 


9.99 454 I 56 
9.99 452 I 66 
154 

■j.-yj 4 4s 
9.99 44': 

9.99 444 
9.99 442 
9.*#9 4 4(» 

9.99 43s 
9.99 436 
9.99 434 
9.99 432 
9.99 42t» 

9.a9 427 
9.99 425 

9.99 423 4i 
9.99421 40 
9.^84 419 3y 

9.99 417 38 
0.99 415 

9.99 412 
9.99 411 
9. 9*9 409 
9.99 4C^7 
9.99 404 
9.99 402 ; 
9.99 400 
9.99 398 
9.99 396 
9.99 394 \ 27 
9.99 392 1 26 

9,99390(25 

9.99 3881 
9.99 385 
9.99 38:i 
0.99 3S1 21 
9.99 379 20 
9.99 377 19 
9.99 375 18 
9.99 372 
9.99 370 16 
9.99 368 16 
9.99 366 14 
9.99 364 13 
9.99 362 
9.99 359 11 
9.99 357 10 
9.99 355 9 

9.99 353 8 

9.99 351 7 

9.99 348 6 

9.99 346 6 

9.99 344 4 

9.99 342 3 

9.99 340 2 

9.99 337 1 

9.99 335 0 



9165.7164.8163,9 


From ih& top: 

For 9°-^, or 189®-, 
read as printed; for 
99®- car 279®^, read 
oo-iujactkm. 

From ihe hMmi: 

For 80®^ or 260®^, 
read as printed; for 
ITO®^ or rmd 

co-funetksa. 


Prop. Pts. 


Logaritlmis of Trigonometric Fonctioas 
























56 10"* — Logarithms of Trigonometric Functions 


L Tan led] L Ctn | L Cos i d 


0 9.23 907 

1 9.24 039 

2 9.24 110 t,, 

3 9.24 ISI 

4 9.24 253 17 
6 9.24 324 1 , 

6 9.24 395 ij 

7 9.24 46G ij 

8 9.24 530 IV 

9 9.24 607 ij 

10 9.24 677 

11 9.24 74S ij 

12 9.24 SIS IX 

13 9.24 SSS IX 

14 9.24 95S IX 
16 9.25 02S ' 

16 9.25 09S IX 

17 9.25 16S IX 

15 9.25 237 Vn 

19 9.25 307 XX 

20 9.25 376 „ 

21 9.25 445 fz 

22 9.25 514 fz 

23 9.25 583 ^ 

24 9.25 652 H 

25 9.25 721 

26 9.25 790 X! 

27 9.25 858 XX 

28 9.25 927 X? 

29 9.25 995 H 

30 9.26063 J 

31 9.26 131 X! 

32 9.26199 Xf 

33 9.26 267 

34 9.26 335 H 

35 9.26403 

36 9.26470 Xc 

37 9.26 53S X5 
3S 9.26 605 X- 

39 9.26 672 ^1 

40 9.26 739 ' 

41 9.26 806 X; 

42 9.26 873 X- 

43 9.26 940 Xi 

44 9.27 007 H 

45 9-27 073 

46 9.27140 XJ 

47 9.27 206 XX 

48 9.27273 XI 

49 9.27 339 ^ 

50 9.27405 ^ 

51 9.27 471 XX 

52 9.27 537 XX 

53 9.27 602 XX 

54 9.27 668 ^ 

55 9.27 734 ^ 

56 9,27 799 X! 

57 9.27 864 XX 

58 9.27 930 JX 

59 9.27 995 

60 9.28 060 


9.24 632 
9.24 700 it 
9.24 779 if 
9.24 S53 it 

9.24 926 1^ 

9.25 000 ' 
9.25 073 If 
9.25 146 if 
9.25 219 if 
9.25 292 
9.25 365 
9.25 437 Ir 
9.25 510 if 
9.25 582 if 
9.25 655 if 
9.25 727 l: 
9.25 799 if 
9.25 871 Ir 

9.25 943 If 

9.26 015 IJ 
9.26 086 ' 
9.26 158 if 
9.26 229 li 
9.26 301 Ir 
9.26 372 ij 
9.26 443 ' 
9.26 514 1] 
9.26 585 11 
9.26 655 1? 
9.26 726 i; 
9.26 797 ' 
9.26 S67 IX 

9.26 937 i? 

9.27 008 it 
9.27 078 
9.27148 „j 
9.27 218 IX ' 
9.27 288 IX i 
9.27 357 XX ' 
9.27 427 
9.27 496 
9.27 566 'X 
9.27 635 XX 
9.27 704 XX 
9.27 773 II 
9.27 842 _ 
9.27 911 XX 

9.27 980 XX 

9.28 049 XX 
9.28117 ^ 
9.28 186 _ 
9.2S254 Xa 
9.28323 XX 

9.28 391 Xf 
9.28459 
9.28527 _ 

9.28 595 X! 

9.28 662 Xl 

9.28 730 Xf 
9.28 798 ^ 
9.28 865 ' 


L Ctn 


10.75 368 
10.75294 
10.75221 
10.75 147 
10.75 074 
10.75000 
10.74 927 
10.74854 
10.74781 
10.74708 
10.74 635 
10.74563 
10.74490 
10.74418 
10.74345 
10.74 273 
10.74201 
10.74 129 
10.74057 
10.73 985 
10.73 914 
10.73 842 
10.73771 
10.73 699 
10.73 628 
10.73 557 
10.73486 
10.73415 
10.73 345 
10.73274 
10.73203 
10.73 133 
10.73 063 
10.72992 
10.72922 
10.72852 
10.72782 
10.72712 
10.72643 
10.72573 
10.72504 
10.72434 
10.72365 
10.72296 
10.72227 
10.72 158 
10.72 089 
10.72020 
10.71 951 
10.71 883 
10.71 814 
10.71746 
10.71 677 
10.71 609 
10.71541 
10.71473 
10.71405 
10.71338 
10.71270 
10.71 202 


9.99 335 
9.99 333 
9.99 331 
9.99 32S 
9.99 326 
9.99 324 
9.99322 
9.99 319 
9.99317 
9.99 316 
9.99 313 
9.99 310 
9.99 308 
9.99 306 
9.99304 
9.99301 
9.99299 
9.99 297 
9.99294 
9.99 293 
9.99 290 
9.99 288 
9.99 285 
9.99 283 
9.99 281 
9.99 278 
9.99 276 
9.99 274 
9.99 271 
9.99 269 
9.99 267 
9.99 264 
9.99 262 
9.99 260 
9.99 257 
9.99 255 
9.99 252 
9-99 250 
9.99 248 
9.99 245 
9.99 243 
9.99 241 
9.99 238 
9.99 236 
9.99 233 
9.99231 
9.99 229 

9.99 226 

9.99 224 

9.99 221 
9.99 219 
9.99217 
9.99 214 
9.99212 
9.99 209 
9.99207 
9.99204 
9.99202 
9.99200 
9.99 197 
9.99 195 


74 73 7a 

%l 2 14.8 14.6 14.4 

XX 3 22.2 21.9 2l| 

55 4 29.6 29.2 28 b 

54 5 37.0 36.5 36!o 

o3 6 44.4 43.S 43.2 

52 7 ol.S 51.1 50.4 

ol S 59.3 5S.4 57.6 

50 9 66.6 65.7 64.S 

49 

47 71 70 69 

46 2 14.2 14.0 13.8 

45 3 21.3 21.0 20.7 

44 4 28.4 2S.0 27.6 

43 5 35.5 35.0 34.5 

42 6 42.6 42.0 41.4 

41 7 49.7 49.0 48.3 

^ 8 56.8 56,0 55.2 

tX 9 63.9 63.0 62.1 


II 68 67 66 ! 

XX 2 13.6 13.4 13.2 i 

ff 3 20.4 20.1 19.S! 

4 27.2 26.S 28.4 

ff 5 34.0 33.5 33.0 

ff 6 40.8 40.2 39.6 

7 47.6 46.9 48.2 

30 8 54.4 53.6 52.8 

29 9 61.2 60.3 59.4 


65 3 2 

2 13.0 0.6 0.4 

3 19.5 0.9 0.6 

4 26.0 1.2 0.8 

5 32.5 1.5 1.0 

6 39.0 l.S 1.2 

7 45.5 2.1 1,4 

8 52.0 2.4 1.6 

9 58.5 2.7 1,8 


ID „ 

25 From the top: 

14 

read as printed; for 
11 100®+ or 280°% read 
l^Q co-functioii. 

9 

8 

7 From the bottom: 

^ For 79®+ or 259®+ 
^ read as printed; for 
3 169®+ or 349®+ read 
2 co-function. 

1 


Prop. Pts. 


• Logarithms of Trigonometric Functions 














Logarithms of Trigonometric Functions 


L Cos id Prop. Pt*s. 


9.2Sti41 « 

9.2S705 ^ 
9,2S7Gy ^ 
9.2SS33 ^ 
n 9.2SS9G g 

14 9 . 2 s 900 ^ 

15 9.29 024 

16 9.29 0S7 
9.‘>9 150 
9.29 214 “ 

63 

9.29 340 _ 

9.29 403 
9.29 466 

23 9.29 529 1% 

24 9.29 591 

25 9.29 634 

26 9.29 7 IG 
9.29 779 li 
9.29 84 1 

29 9.29 903 

30 9.29 966 _ 

31 9.30 02 s 

32 9.30 090 , 

33 9.30151 l}y\ 

34 9.30 213 

35 9.30 275 “ 

36 9.30 336 

37 9.30 398 

3S 9.30459 H 

39 9.30 521 

40 9.30 5S2 .. 

41 9.30 643 

42 9.30 704 1] 

43 9.30 765 1; 

44 9.30 S26 

45 9.30 SS7 _ 

46 9.30 947 ^ 

47 9.31 008 ^ 
4S 9.31 068 ^ 

49 9.31 129 ^ 

50 9.31 1S9 

51 9,31250 ^ 

52 9.31310 ^ 

53 9.31370 ^ 

54 9.31430 ^ 

55 9.31490 „ 

56 9.31549 ^ 

57 9.31 609 ^ 
9.31669 ^ 
9.31728 ^ 
9.31 7SS 


r I LCos I d 


10.70933 'J 
10.70 S66 ti 
10.70790 ? 
10.70732 l 
10.70665 1 
10.70598 
10.70532 1 
10.70465 0 
10.70399 ^ 
10.70332 S 
10.70266 1- 
10.70200 5 
2 10.70134 i 
^ 10.7006b ! 

10.70002 ! 
10.69936 < 
10.69870 « 
10.69 S05 5 
10.69739 « 
10.69 674 < 
10.69609 I 
10.69 543 1 
10.69478 ! 
10.69413 ' 
10.69 34S ' 
10.69283 
10.69218 
10.69 154 
10.09089 
10.69 025 
10.68960 
10.68896 
10.6S 832 
10.08767 
10.68703 
10.68 6.30 
10.68575 
10.68511 
10.68448 
10.68384 
10.68321 
10.68367 
10.68 194 
10.08 130 
10.6S067 
10.68004 
10.67941 
10.67 87S 
10.67 815 
10.67752 
10-67 689 
10.67627 
10.67564 
10.67502 
10.67439 
10.67377 
10.67315 
' 10.67253 


LCtn led! LTan 


9.99 170 
9.99 167 
9.99 1G5 
9.99 162 
9.99 166 


9.99 156 
9.99 147 
9.99 145 
9.99 142 
9.99 140 
9.99 137 
9.99 135 
9.99132 
9.99 130 
9.99 127 
9.99 124 

9.99 119 I 
9.09 117 
9.99 114 
9,90 112 
9.99 109 
9.99 106 
9.99 104 
9.99 101 
9.99 099 
9.99 096 

9.99 093 
9.99091 

9.99 088 

9.99 0S6 
9.99 083 
9.99 OSO 
9.99 07 ^ 


9.99 07U 
9.99 007 
9.99064 
9.99 062 
9.99059 
9.99056 
9.99054 
9.99051 
9.99 048 
9.99046 
9.99043 
9.99 040 


I LSin i 


.}•> 68 j 67 . 66 

2 1 1.6 J i >,•* ! I >-2 

56 i ‘■rl- i i 1 

«i4 5 ‘ 3 be* * - J ' 

:a 0 4 

52 7 47.b 

51 sV5L4 5bbl52> 

50 9 01.2 1 5-.b4 

49 

;‘2 66 64 I 63 

40* 2 13.1} ; 12.6 

45 ■; 3, vf' o-t‘ * O 

, t 4 2»j.M 2-.*0* 2<i.2 

jv 5 ,32.5 32.* » 31..,.* 

T.> 0, . 39.0 3>.4 37.> 

” 4,3.5 44.H 44.1 

. 52.0 51.2 .50.4 

' 5^.5 57.6 1 5*» *.7 


62 

61 

60 

2 12.4 

12.2 

12.0 

3 1>.6 

1>.3 

1*.0 

4 2 l.S 

21.4 

24.0 

5 31.i,i 

3U.5 

;io.o 

6 37.2 


36.0 

7 43.4 

42.7 

42.0 

b 44 . 6 : 

4*.S 1 

4S-0 

9 1 55.* 

i^VJ 

54.0 

{ S© 

1 3 

1 2 


2 ll.S 0.6 0.4 

3 17.7 O.o 0.6 

4 23.6 1.2 

5 29.5 1.5 1.0 

6 35.4 l.S 1.2 

7 41.3 2.1 1.4 
S 47.2 2.4 1.6 
9 53.1 2.7, l.S 


From the iojK 

Forir-orlSF^ 
read a** print fo 
101'" or 281^*, reat 
co-fimctioii. I 

F-wvi the hoWmt: 

For 78^" or 258^. 
read ad printed; for 
168®^ or 348®"', rwad 
co-function. 


780 Logarithms of Trigonometric Functions 














■ Logaritlmis of Trigonometric Functions 


LTan led! L Ctn | L Cos jd 


0.31 7b.S 
0.31 i>i7 

2 9.31907 

3 9.31966 

4 9.32 025 

5 9.32 0S4 

6 9.32 143 

9.32 202 

9.32 261 

9.32 319 

9.32 37b 

11 9.32 437 

12 9.32 495 

13 9.32 653 

14 9.32 612 

15 9.32 670 

16 9.32 72b 

17 9.32 7S6 
IS 9.32 S44 

19 9.32 902 

20 9.32 960 

21 9.33 OIS 

22 9.33 075 

23 9.33 133 

24 9.33 190 

25 9.33 24S 

26 9.33 305 

27 9.33 362 
2S 9.33 420 

29 9.33 477 

30 9.33 534 

31 9.33 591 

32 9.33 647 

33 9.33 704 

34 9.33 761 

35 9.33 SIS 

36 9.33 S74 

37 9.33 931 
3S 9.33 9S7 

39 9.34 043 

40 9.34100 

41 9.34 156 

42 9.34 212 

43 9.34 268 

44 9.34 324 

45 9.34 380 

46 9.34 436 

47 9.34491 
4S 9.34 547 

49 9.34 602 

50 9.34 658 

51 9.34 713 

52 9.34769 

53 9.34 824 

54 9.34 879 
56 9.34 934 

56 9.34 989 

57 9.35 044 

58 9.35 099 

59 9.35154 

60 9.35 209 


L Cos ( 


9.32 S72 

9.32 933 


9.33 057 

9.33 119 

9.33 ISO 

9.33 242 

9.33 303 

9.33 365 

9.33 426 

9.33 487 

9.33 i>4S 

9.33 609 

9.33 670 

9.33 731 

9.33 792 

9.33 853 

9.33 913 

9.33 974 

9.34 034 

9.34 095 

9.34 155 

9.34 215 ^ 

9.34 276 

9.34 336 

9.34 396 

9.34 456 

9.34 516 

9.34 576 

9.34 635 

9.34 695 

9.34 755 

9.34 814 

9.34 874 „ 

9.34 933 

9.34 993 

9.35 051 

9.35 111 

9.35 170 Z 

9.35 229 

9.35 2SS 

9.35 347 It 

9.35 405 ^ 

9.35 464 

9.35 523 

9.35 581 5® 

9.35 640 II 

9.35 698 2 

9.35 757 

9.35 815 

9.35 873 

9.35 931 

9.35 989 

9.36 047 

9.36 105 

9.36 163 

9.36 221 

9.36 279 

9.36 336 


LCtn led 


0.67 253 
0.67 190 
0.67 12S 
0,67067 
0,67 005 
0.66943 
0.66 SSI 



9.99 040 ^ 
9.99 03S ; 
9.99035 I 
9.99 032 ® 
9.99 030 “ 
9.99027 , 
9.99024 ® 
9.99 022 - 
9.99 019 i 
9.99 016 I 
9.99 013 t 
9 99 011 " 

10.66513 19:^008 ® 
10.66452 9.99005 i 
10.60391 9.99002 ® 
10.66 330 9.99 000 T 
10.06269 9.9S997 “ 
10.66 208 9.98 994 ® 
10.66147 9.98991 ® 
10.66 0S7 9.98989 - 
10.66026 9.98 9S6 t 
10.65 966 9.9S9S3 % 
10.65 905 9.98 9S0 I 
10.65845 9.98978 i 
10.65 785 9.9S975 ® 
10.65724 9.9S972 t 
10.65 664 9.9S969 ® 
10.65604 9.9S967 “ 
10.65544 9.9S9G4 ® 
10.65484 9.9S961 ® 
10.65424 9.9S958 t 
10.65365 9.98955 ® 
10.65305 9.9S953 Z 
10.65245 9.9S950 ® 
10.65186 9.98947 ® 
10.65126 9,98 944 ^ 
10.65 067 9.9S941 f 
10.65 008 9.98 93S X 
10.64 949 9.9S936 “ 
10.64 SS9 9.9S933 ® 
10.64 830 9.98930 t 
10.64771 9.98927 I 
10.64712 9.98924 ® 
10.64 653 9.98921 i 
10.64595 9.98919 ^ 
10.64536 9.98 916 I 
10.64477 9,98913 f 
10.64419 9.9S910 f 
10.64360 9.98907 ® 
10.64302 9,98904 ® 
10.64243 9.98 901 t 
10.64185 9.98 89S ® 
10.64127 9.98 896 ? 
10,64069 9.98893 f 
10.64011 9.98890 ® 
10.63 953 9.98887 t 
10.63895 9.98884 f 
10.63 837 9.98 8S1 f 
10.63779 9.98878 f 
10.63 721 9.98875 ® 
10.63 664 9.98872 


LTan i LSin Id 


9 I 51.3 I 50.4 


55 

3 

2 

11.0 

0.6 

0.4 

16.5 

0.9 

0.6 

22.0 

1.2 

0.8 

27.5 

1.0 

1.0 

33.0 

l.S 

1.2 

38.5 

2.1 

1.4 

44.0 

2.4 

1.6 

49.5 

2.7 

1.8 


From the top: 

For 12*^+ or 192®+ 
read as printed; for 
102®+ or 282®+ read 
co-function. 

From the bottom: 

For77®+or25T®+, 
read as printed; for 
167°+ or 347®+, read 
co-function. 


77° — Logarithms of Trisfonometric Functions 























13^ — Lc^arithms of Trigonometrif Piinctioiis 59 


L ; d 



10 

u o.;r>so*:)i 

12 tUCiSGO ,, 
n t».:?5 9i4 ^ 
24 0.35 96S ^ 

15 0.36 022 

16 0.36 075 S 

17 0.36 129 ^ 

18 0.36 1S2 ^ 
10 9.36 236 H 

20 9.36 2S9 

21 9.30 342 

22 9.36 395 

23 9.36449 

24 9.36502 |2 

25 9.36 555 « 

26 9.36 60S g 
9.36660 2; 

. , 9.36 713 

29 9.36 766 ^ 

30 9.36 SIO 

31 9.36 S71 52 

32 9.36 924 g 

33 9.36 976 

34 9.37 02s ^7 

35 9.37 081 _ 

36 9.37 133 %% 

37 9.37 1S5 

38 9.37 237 2:; 

39 9.37 269 

40 9.37 341 

41 9.37 393 5* 

42 9.37 445 

43 9.37 497 

44 9.37 549 
46 9.37 600 

46 9.37 652 !? 

47 9.37 703 

45 9.37 755 

49 9.3TS06 

50 9.37 858 

51 9.37 909 2; 

52 9.37 960 

53 9.38 011 

54 9.38 062 
56 9.38113 

56 9.38164 fj 

57 9.38 215 5t 

55 9.3S266 

59 9.38 317 

60 9.38 36S 


L Cos 


6: 

iu.63 54s 

10.63434 
10.63 .376 
10.6.3.319 

10.63 2^i2 

10.63 205 

10.63 148 
10.63091 
10.630,34 


10.62 920 

10.62 8*}3 

10.62 807 

10.62 7,50 

10.62 694 

10.62 637 
10.02 581 
10.62524 
10.02468 

10.62 412 

10.62 3.56 

10.62 300 

10.62 244 
10.G2 188 

10.62 132 
10.62076 

10.62 020 
10.61 965 
10.61 909 

10.61 853 
10.61 79S 
10.61 743 

10.61 6S7 

10.61 632 
10.61 577 
10.61 521 , 
10.61 466 
10.61 411 
10.61356 
10.61 301 
10.61 246 
10.61 193 
10.61 137 
10.61 082 
10.61028 
10.60973 
10.60918 
10.60864 
10.60810 
10.60755 
10.60701 
10.60647 
10.60593 
10.60539 
10.60485 
10.60431 
10.60377 
10.60323 


9.9s I i 
9.98 S28 I 
9.9^y825; 
9.1ISH22 : 
9.98819 
9.98 8 IG 
9.98813 
9.ys810 
9.9s.s07 
9.98 8u 1 
9.98 ^01 
9.98 798 
9.9S795 
9.98792 
9.98789 
9.98786 I 
9.98 7S3 
9.08 7S0 
9.9S777 
9.9S774 
9.98771 
9.98 76S 
9.98765 
9.9S762 
9.98759 
9.9S756 
9.98753 
9.9S750 
9.98 746 
9.98743 
9.98740 
9.98737 
9.9S734 
9.9S731 
9.98728 
9.9S725 
9.98722 
9.98719 
9.9S715 
9.98712 
9.98709 
9.98706 
9.9S703 
9.98700 
9.98697 
9.98694 
9.98690 



9.36 336 5 

9.36 394 I 

9.36 4521 

9.30 500 

9.36 560 ' 

9.36 621 

9.30 Osl 

9.30 738 

9.30 795 
9.30852 
9.,36 909 
0.30 9ii6 

9.37 023 

9.37 080 
: 9.37 137 

9.37 193 

9.37 250 

I 9.37 3(.K> 

9.37 363 

9.37 419 

9.37 470 

9.37 532 

9.37 5SS 

9.37 644 

9.37 700 

9.37 756 
9.37812 

9.37 SOS 

9.37 924 

9.37 980 1 

9.38 035 ! 

9.38 091 i 

9.38 147 

9.38 202 

9.38 257 

9.38 313 

9.38 368 ^ 

9.38 423 

9.38 479 

9.38 534 

9.38 589 

9.38 644 

9.38 699 

9.38 754 

9.38 808 

9.38 863 

9.38 91S 
9.3S972 

9.39 027 

9.39 082 

9.39 136 
9-39 190 

9.39 245 

9.39 299 

9.39 353 

9.39 407 
9-39 461 

9.39 515 

9.39 569 

9.39 623 
9-39 677 


LCtn 


- T-^MTiirltlinis of TriecMiometric FmictM>ns 




From me top: 

Forl3®*orl9er*+ 
read aa prinGEbd; for 
103^- or 283^, read 
CO-fUBCtioIU 

From the hott&m: 

For76®+or256^. 
read as printed; for 
166®^ or 346^. road 
cch^xinction. 



















Logarithms of Trigonometric Functions 


L Tan ; c d | L Ctn t L Cos j d 


0.38 469 
0.3S519 
9.3So7U ^ 
9.3SC20 1Z 
9.3SC70 e? 
9.3S721 
0-3S77i 
9 9.3S&21 

10 9.3SS71 

11 9.3S921 ^ 

12 9.3S971 

13 9.39 021 “BX 

14 9.39 071 ^ 

15 9.39 121 *" 

16 9.39170 

17 9.39 220 

IS 9.39 270 XX 

19 9.39 319 ^ 

20 9.39 369 ^ 

21 9.39 41S fx 

22 9.39 407 

23 9.39 517 

24 9.39 566 

25 9.39 615 

26 9.39 664 

27 9.39 713 

2S 9.39 762 fx 

29 9.39 811 

30 9.39 S60 

31 9.39 909 

32 9.39 95S 

33 9.40 006 tS 

34 9.40 055 J® 

35 9.40 103 

36 9.40152 

37 9.40 200 :X 

38 9.40 249 fx 
30 9.40 297 ll 

40 9.40 346 

41 9.40 394 

42 9.40 442 

43 9.40 490 

44 9.40 538 

45 9.40 586 

46 9.40 634 

47 9.40 682 

48 9.40 730 ff 

49 9.40778 

50 9.40 825 TL 

51 9.40 873 ’f 

52 9.40 921 

53 9.40 968 ’I 

54 9.41016 

55 9.41063 ' 

56 9.41111 

57 9.41 158 % 

58 9.41 205 

59 9.41252 j' 

60 9,41300 


L Cos 1 d I 


9.39 677 
0.39 731 
9.39 785 
9.39 838 
9.39 892 
9.39 945 

9.39 099 

9.40 052 
9.40 lOG 
9.40 159 
9.40 212 
9.40 266 
9.40 319 
9.40372 
9.40 425 
9.40 47S 
9.40531 
9.40 584 
9.40 636 
9.40 689 
9.40 742 
9.40 795 
9.40847 
9.40 900 

9.40 952 

9.41 005 
9.41 057 
9.41 109 
9.41 161 
9.41 214 
9.41 266 
9.41 318 
9.41 370 
9.41 422 
9.41 474 
9.41 526 
9.41 578 
9.41 629 
9.41 681 
9.41 733 
9.41 784 
9.41 836 
9.41 8S7 
9.41 939 

9.41 990 

9.42 041 
9.42 093 
9.42 144 
9.42 195 
9.42 246 
9.42 297 
9.42 348 
9.42 399 
9.42 450 
9.42 501 
9.42 552 
9.42 603 
9.42 653 
9.42 704 
9.42 755 
9.42 805 


hCtn 


10.60323 
ef 10.60269 
Xi 10.00215 
10.00162 
X3 10.60 lOS 
10.60055 
^ 10.60001 
X? 10.59 94S 
10.59894 

10.59 841 
10.o9 

^ 10.59734 
ef 10.59 681 
X? 10.59628 
ej 10.59575 
„ 10.59522 

10.59 469 
XX 10.59416 
XX 10.59364 

10.59 311 
St 10.59258 
XX 10.59 205 
XX 10.59 153 
?X 10.59 100 
X| 10.59048 
10.58995 
XX 10.58943 
10.58891 
Xx 10.58839 
XX 10.68786 
10.58734 
Xx 10.58682 
Xx 10.58630 
X? 10.58 57S 
Xx 10.58526 
10.58474 
Xr 10.58422 

XX 10.58371 i 
XX 10.58319 
10.68267: 
_ 10.58216^ 
X? 10.58164 
XX 10,58113 
X7 10.58061 
Xj 10.58010 
II 10.57959 
Xr 10.57907 
X} 10.67856 
10.57805 
XX 10.57754 
10.57703 
X: 10.57652 
X: 10.57601 
XX 10.57650 
XX 10.57499 
° 10.57448 

S 10.57397 
^ 10.57347 
X: 10.57296 
^ 10.57245 
10.57195 


cdl LTan 


9.9S 690 
9.9S6S7 
9.98 684 
9.9S6S1 
9.9S67S 
9.9S 675 
9.9S671 
9.9S6GS 
9.9S665 
9.98662 
9.9S 659 
9.98656 
9.98 653 
9.9S649 
9.9S646 
9.98643 
9.98640 
9.98 636 
9.98 633 
9.98630 
9.98627 
9.98 623 
9.98 620 
9.9S 617 
9.9S614 
9.9S 610 
9.9S607 
9.98604 
9.98601 
9.98597 
9.98594 
9.98591 
9.98588 
9.98 584 
9.98581 
9.9S57S 
9.98574 
9.98571 
9.98568 
9.98566 
9.98561 
9.98558 
9.98 555 
9.98551 
9.98 548 
9.98545 
9.98541 
9.98638 
9.98535 
9.98531 
9.98528 
9.98 525 
9.98521 
9.98518 
9.98515 
9.98511 
9.98508 
9.98505 
9.98501 
9.98498 
9.98494 




51 

50 

2 

10.2 

10.0 

3 

15.3 

15.0 

4 

20.4 

20.0 

5 

25.5 

25.0 

6 

30.6 

30.0 

7 

35.7 

35.0 

8 

40.8 

40.0 

9 

45.9 

45.0 


48 47 

2 9.6 9.4 

3 14.4 14.1 

4 19.2 18.8 

5 24.0 2S.5 

6 28.8 28.2 

7 33.6 32.9 

8 38.4 37.6 

9 43.2 423 

4 3 

2 0.8 0.6 

3 1.2 0.9 

4 1.6 1.2 

5 2.0 1.5 

6 2.4 1.8 

7 2.8 2.1 

8 3.2 2.4 

9 3.6 2.7 


From the top: 

14 Forl4®+orl94'»+, 

X? read as printed; for 
II 104°+ or 284®+, read 
co-function. 


From the bottom: 
For76®+or2S5®+. 
read as printed; for 
165°+ or 3^°+, read 
co-function. 


75® — Loe’arithms nf TricfniiATTiivfTiA 










61 


Prop. 


‘JAI U7 
9.41 394 
9.41441 
9.41 4SS 
9.41 335 
9.41 5b2 
9.41 62S 
9.41 675 
9.41 722 
9.41 7Gb 
9.41 isio 
9.41 bGl 
9.41 905 

9.41 954 

9.42 001 

9.42 047 
9.42 093 
9.42 140 
9.42 iSG 
9.42 232 
9.42 27b 
9.42 324 .. 

9.42 370 ft 
9.42 416 
9.42 461 

9.42 507 ft 

9.42 553 if. 

9.42 599 T- 
9.42 644 fi 
9.42 690 

9.42 733 

32 1 9.42 781 

33 

34 

36 1 9.42 917 .. 
36 1 9.42 962 

9.43 008 5- 
9.43 053 
9.43 098 
9.43 143 
9.43 1S8 
9.43 233 

43 9.43 27S 

44 9.43 323 

45 9.43 367 

46 9.43 412 
9.43 457 

4S 9.43 502 ,, 

49 9.43 546 ” 

50 9.43 591 

51 9.43 635 ” 
9.43 6S0 

53 9.43 724 

54 9.43 769 

65 9.43 813 ,, 

56 9.43 857 

57 9.43 901 ” 

58 9.43 946 

59 9.43 990 ” 

60 9.44 034 


• Logarithms of Trigonometric Functions 


L Tan cd L Ctn L Cos d 

0.42 buO; : 10.57 105 9.9s>404 J 60 

9.42 8.^iG 'j* , 10.57144 9.9b 49i 2 59 

9.42 900 10.57 094 9.98488 -f 5^ 

9.42 957 ‘2’ 10.57043 9.08 4bi 

9.43 007 10.56993 9.9^ 4^1 j 50 

9.43 057 10.56 943 9.98477 ! 65 

9.43 108 10.56892 9.9b 474 ** 51 

9.43 158 ^ 1U.56S42 9.9b 47 1 5-; 

9.43 205 2^ 10.50792 9.9b 407 * 5. 

9.43 25b 7 ^ 10.56742 9.9b 464 ^ 51 

9.43 3GS 10.50 092 9.98460 „ 50 

9.43 35b 10.56 042 9.984.37 “ 49 

9.43 4Ub 2“ 19.56592 9.98453 5 4> 


9.43 35b 10.56 042 9.984.37 “ 49 

9.43 4Ub 2“ 19.56 592 9.98453 5 4> 

9.43 45b 10.50542 9.98 45t^ 47 

9.43 508 ^ 10.56492 y.yb447 ^ 46 2 

9.43 55S 10.56442 9.98443 I 45 ; 

9.43 607 ” 10.56393 9.084-0 ' f 41 j 

9.43 G57 ^ 10.56343 9.98430 t 43 

9.43 707 10.56293 9.08433 ^ 42 5 

9.43 756 10.56 244 9.9S429 f 41 •_ 

9.43 805 f: 10.56 194 9.9S420 1 40 

9.43 855 n 10.50145 9.98422 ’ 39 

9.43 905 10.50095 9.9b 419 f 38 

9.43 954 IV 10.56040 9.l'b415 t 37 

9.44 004 10.55996 9.98412 i 36 

9.44 053 10.55947 9.98409 ^ 35 

9.44 102 75 10.55 bOb 9.98405 7 34 

9.44151 it 10.55 819 9.98-102 f 33 
9.44 201 10.55799 9.9>39b Z 32 

9.44 250 ll 10.55750 9.98395 ^ 31 

9.44 299 10.55 701 9.98391 .. 30 

9.44 348 10.556.52 9.yb3b> ;; 29 

9.44 397 il 10.55 603 9.98 3^4 t 2> 

9.44 44G it li}..55554 -.Oyb-vb! f 27 
9.44 495 10.55 5'J3 9.9b 377 | 26 

9.44 544 10.55456 9.98373 .. 25 

9.44 592 10.55408 0.98370 f 24 

9.44 641 10.55 359 9.98366 23 

9.44 690 7? 10.55310 9.98 3G3 ^ 22 

9.44 738 V 10.55262 9.9>359 ^ 21 

9.44 7S7 10.55 213 9.98356 ^ .20 

9.44 836 10.55164 9.98352 t 19 

9.44 SS4 10.55116 9.98349 ^ 1> 

9.44 933 it 10.55067 9.98345 ^ 17 

9.44 9S1 V 10.55019 9,98342 ^ lb 

9.45 029 10.54971 9.98 33S , 15 

9,45 078 1 ! 10.54 922 9.98334 ! 14 

9.45 126 V 10.54874 9.98S31 ^ 13 

9.45 174 tc 10.54826 9.98327 J 12 

9.45 222 10.54778 9.9S324 ^ II 

9.45 271 ft 10.54729 9.98320 . 10 

9.45 319 tf 10.54 681 9.98317 f 9 

9.45 367 i^ 10.54633 9.98313 ’ 8 

9.45 415 10.54585 9.9S309 ;* 7| 

9.45 463 it 10.54537 9.95306 ^ 6 

9.45 511 ^ 10.54489 9.9S302 5 i 

9.45 559 it 10.54441 9.9S299 4 

9.45 606 V 10.54394 9.9S295 i 3 

9.45 654 it 10.54346 9.9S291 i 2 

9.45 702 10.54 29S 9.98 28S f 1 


9.45 511 
9.45 559 
9.45 606 


9.45 702 
9.45 750 




3.45 750 10.54 250 9.08 284 ' | 0 i 


LCtn led! LTan 1 hSia U 


Logarithms of Trigonometric Functions 




















52 16 ^ 


LSIn i 


9.44 034 

9.44 07S 

9.44 122 

9.44 1G6 

9.44 210 

9.44 253 

9.44 297 

9.44 341 

9.44 3S5 
9 I 9.44 42S 

10 9.44 472 

11 I 9.44 516 

9.44 559 

13 9.44 602 

14 9.44 646 
16 9.44 689 
16 9.44 733 

9.44 776 

18 9.44 819 

19 9.44 862 

20 9.44 905 

21 9.44 948 

22 9.44 992 

23 9.45 035 

24 9.45 077 

25 9.45 120 

26 9.45 163 

27 9.45 206 

28 9.45 249 

29 9.45 292 

30 9.45 334 

31 9.45 377 

32 9.45 419 

33 9.45 462 

34 9.45 504 
36 9.45 547 

36 9.45 589 

37 9.45 632 

38 9.45 674 

39 9.45 716 

40 9.45 758 

41 9.45 801 

42 9.45 843 

43 9.45 885 

44 9.45 927 

45 9.45 969 

46 9.46 011 

47 9.46 053 

48 9.46 095 

49 9.46 136 
60 9.46 178 

51 9,46 220 

52 9.46 262 

53 9.46 303 

54 9.46 345 
66 9.46 386 

56 9.46 428 

57 9.46 469 

58 9.46 511 

59 9.46 552 

60 9.46 594 


• Logarithms of Trigonometric Functions 


L Tan ! cd | L L Cos | d 


9.45 750 

9.45 797 

9.45 S45 

9.45 892 

9.45 940 

9.45 987 

9.46 035 

9.46 082 

9.46 130 

9.46 177 

9.46 224 

9.46 271 

9.46 319 

9.46 366 

9.46 413 

9.46 460 

9.46 507 

9.46 554 

9.46 601 

9.46 648 

9.46 694 

9.46 741 

9.46 788 

9.46 835 

9.46 SSI 

9.46 928 

9.46 975 

9.47 021 

9.47 068 

9.47 114 

9.47 160 

9.47 207 

9.47 253 

9.47 299 

9.47 346 

9.47 392 

9.47 438 

9.47 484 

9.47 530 

9.47 576 

9.47 622 

9.47 668 

9.47 714 

% 9.47 760 

9.47 806 
J 9.47 852 
T? 9.47 897 

9.47 943 
~ 9.47 989 
^ 9.48 035 

9.48 080 
II 9.48 126 
“ 9.48171 
’i 9.48 217 
22 9.48 262 

9.48 307 
T? 9.48 353 
2l 9.48 398 
9.48443 

9.48 489 
" 9.48 534 


10.54 250 
10-54 203 
10.54 155 
10.54 108 
10.54 060 
10.54 013 
10.53 965 
10.53 918 
10-53 870 
10.53 823 
10.53 776 
10.53 729 
10.53 681 
10.53 634 
10.53 587 
10.53 540 
10.53 493 
10.53 446 
10.53 399 
10.53 352 
10.53 306 
10.53 259 
10.53 212 
10.53 165 
10.53 119 
10.53 072 
10.53 025 
10.52 979 
10.52 932 
10.52 886 
10.52 840 
10.52 793 
10.62747 
10.52 701 
10.52 654 
10.52 608 
10.52 562 
10.52 516 
10.52470 
10,52424 
10.52 378 
10.52 332 
10.52 286 
10.52240 
10.52 194 
10.52 148 
10.52 103 
10.52 057 
10.52 011 
10,51 965 
10.51 920 
10.51 874 

10.51 829 

10.51 783 
10.51 738 

10.51 693 

10.51 647 

10.51 602 
10,51 557 
10.51511 
10.61 466 


LTan 


y.9S 2S4 


9-98281 

3 

9.98277 

4 

9.98273 

4 

9.9S 270 

3 

9.98266 


9.98262 

4 

9.98 259 

3 

9.98 255 

4 

9.9S251 

4 

9.98 248 


9.98 244 

4 

9.98 240 

4 

9.98237 

? 

9.98233 

4 

9.9S 229 


9.98 226 

3 

9.9S 222 

4 

9.98 218 

4 

9.9S215 

3 

9.98211 


9.98207 

4 

9,98 204 


9.98200 


9.98 196 


9.98 192 


9.98 189 

3 

9.98 185 

4 

9.98181 

4 

9.98 177 

4 

9.98 174 


9.98 170 i 

4 

9.98166 

4 

9.98 162 

4 

9.98 159 

3 

4 

9.98 155 


9.98 151 

4 

9.98 147 

4 

9.98 144 

3 

9.98 140 

4 

4 

9.98 136 


9.98 132 

4 

9.98 129 

3 

9.98 125 

4 

9.98 121 

4 

4 

9.9S 117 


9.98 113 

4 

9.98110 

3 

9.98 106 

4 

9.98 102 

4 

4 

9.98 098 


9.98094 

4 

9.98 090 

4 

9.98 087 

3 

9.98083 

4 

4 

9.98 079 


9.98 075 

4 

9.98 071 

4 

9.98067 

4 

9.98 063 

4 
3 ' 

9.98060 

i 



5 2.0 1.5 

6 2.4 1.8 

7 2.8 2.1 

8 3.2 2.4 

9 3.6 2.7 


From the top: 

For 16®+ or 19$^, 
read as printed; for 
106®+ or 286®+, read 
co-funetion. 

From the bottom: 

For 73®+ or 253®+, 
read as printed; io^ 
163®+ or 343®+ read 
co-function. 


• Logarithms of Trigonometdc Functimii 
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17® — Logarithms of Trigonometric 
LSi n i d I LTart cd L Ctn | L Co6 dj 


.46 ■ 

.46 665 
.40 070 
.4f > 7 ’ 7 
.40 75 ^ 


.40 6«:h> 
.40 ^^41 
*.40 S,^l^ 
).40 923 
046 90-4 


H 

115 

16 

17 

IS 

iU 


>.47 005 
1.47 045 
>.47 OsO 
^.47 127 
>.47 10 s 
>.47 209 
>.47 249 
>.47 290 
>.47 330 
>.47 371 


Im U7 4U 

21 >.47 452 

22 U7 492 

23 J.47 533 

24 9.47 573 
1 25 9.47 613 
120 9.47 054 

9.47 694 
9.47 734 

29 0.47 774 

30 9.47 S14 

31 9.47 So4 

32 9.47 S94 

33 9.47 934 

34 9.47 974 


35 9.4S014 

36 9.48 054 

37 9.4S094 
3' 9.4S 133 

39 9.48 1 

40 9.4S213 

4 9.48 252 

42 9.48 292 

43 9.4S332 

44 9.48 37 


45 9.48 41 
4' 9.48 45i 

4 9.4S 49< 

4 9.4S52‘ 

4 9.4S 56 

60 9.48 60' 
5: 9.48 64 

5! 9.4S6S 

05 9.48 72^, 

54 9-48 764 

55 9.4SS0J 

5t 9.4S 84 
5' 9.48 88 

9.48 9- 
9.48 95 


9.48 9 9 

LC< 



9.48 5:M 

>.5 1 16rj 



9.4b 57*> 

0.51 421 



9.48 624 

0.51 376 

.95 0.32 


9.4 S 069 

0.51 331 

.95 045 


9.48 714 

0.51 286 

.98044 


9.4S 759 

0.51 241 

.980-10 


9.48 804 

0.51 196 

S.98 036 


9.4S Si9 

0.51 151 

>.98032 


9.48 894 

0.51 100 

P.98 029 


9.48 939 

0.51 061 

>.98025 


9.48 984 

.0.51 016 

>.98 021 


9.49 029 

.0.50971 

>.98 017 


9.49 073 

0.50927 

>.9801.3 


9.49 IIS 

0.50882 

>.9S0(>9 


9.49 163 

.0.50 837 

1.98 005 


9.49 207 

0.50793 

>.9S 001 


9.49 252 

.0.50748 

>.97 997 


9-49 296 

0.50704 

•.97 91*3 


9.49 341 

0.50 659 

>.97 989 


9.49 385 

.0.50615 

.97 9bG 


9.49 430 , , 

0.50570 

>.97 9S2 


9.49 474 

0.50526 

>.97 97S 


9.49 519 

0.50481 

>.97 974 


9.49 563 

.0.50437 

J.97 970 


9.49 607 

.0.50393 

J.97 966 


9,49 652 

10.50348 

9.97 962 

40 

9.49 696 

10.50304 

9.97 958 

9.49 740 

10.50260 

9.97 954 

40 

9.49 784 

10.50216 

i>.97 950 

40 

9.49 828 

10.50 172 

9.97 946 

iO 

9.49 872 

10.50 12S 

9.97 94 

40 

9.49 916 

10.50084 

9.97 938 

40 

9.49 900 

10.50040 

9,97934 

40 

9.50 004 

10.49996 

9.97930 

40 

9.50 04S 

10.49 952 

9.97 926 

40 

9,50 092 

10.49908 

9.97 922 

40 

9.50 136 

10.49864 

9.97918 

40 

9.50 ISO 

10.49 820 

9.97914 

39 

9.50 223 

10.497 

9.97910 

40 

9.50 267 

10.49 733 

9.97906 

40 

9.50 311 

10.49 689 

9.97 902 

39 

9.50 335 

10.49 645 

9.97 89 

40 

9.50 39:1 

10.49 602 

9.97 894 

40 

9.50 442 

10.49 558 

9.97 890 

39 

9.50 4Si 

10.49 51i 

9.97 aS6 

40 

9.50 52^ 

10.4947 

9.97 882 

39 

9.50 57: 

10.49 421 

9.97 87S 

40 

9.50 61 

10.49384 

9.97 874 

39 

9.50 65 

10.49 34 

9.97 871 

39 

9.50 70 

10.49 29' 

9.97 86' 

39 

9.50 74. 

10.49 254 

9.97 86 

40 

9.50 784 

10.49 21 

9.97 85 

39 

9.50 S3< 

10.49 16' 

9.97 85 

30 

9.50 87 

10.49 12- 

9.97 84 

39 

9.50 91 

10.49 os: 

9.97 84 

39 

9.50 96_ 

10.49 03J 

9.9784 

39 

9.51 00^ 

10.48 99^ 

9.9783 

39 

9.51 04 

10.4895: 

9.97 83 

39 

9.51 09 

10.4890 

9.97 821 

39 

; 9.51 13 

10.48 86 

9.97 821 

39 

9.5117 

10.48822 

; 9.97 82 


LCtn 

L Tan 

.Sh 


Fimctions 63 

Fro^ Pis. 


45 1 

44 

4S 

9.01 

8.8 

8.6 

13.5 

14,2 

12 9 


17,6 

I7.-2 

22,5 

22.0 

21. 5 

27.0 

26.4 

25.S 

3L5 

^?O.H 

.'ii.P.l 

36.0 

35.2 , 

34.4 

40.5 1 

39.6 , 

. 3b 7 

42 

41 

m 

8,4 

8,2 

8..0 

12.6 

12.3 

123 > 

16.8 

16.4 

WXI 

21.0 

20.5 

20.0 

‘^5 2 

24.6 

24.si 

SiiS 

28.7 

2H.0 

33.6 

32.S 

32.0 

37.8 

36.9 

1 36.0 


30 5 

7.8 1>0 
3,11.7 1.5 

4 I 15,6 2.0 

5 ; 19.5 2,5 

23.4 3.0 
27.3 3.5 

31.2 4.0 
35.1 4.5 


0.8 0.6 

1.2 0.9 
1.6 1.2 
2.0 1.5 
2.4 l.S 
2.8 2.1 

3.2 2.4 
3.6 2.7 


From the top: 

ForlT^^orlSr- 
read as printed; fa: 
107®^ o^287®^ read 
co-fiineti 0 n. 

From the hMom: 

ForT2®^or5KS2®^ 
read as parinted; foi 
162:®+ or3^+, 
co-functioia. 


Prop. Pts. 


72° — Ifnggrithma of Tr^onometric Foactioiis 
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13- — Logarithms of Trigonometric Functions 


[III 



L Sin 

0 

9.4S 

99.> 

1 


037 

2 

9.49 

076 

3 

9.49 

115 

4 

9.49 

153 

5 

9.49 

192 

6 

9.49 

231 

7 

9.49 

269 

S 

9.49 

3GS 

9 

9.49 

347 

10 

9.49 

3S5 

11 

9.49 

421 

12 

9.49 

462 

13 

9.49 

50 G 

li 

9.49 

539 

15 

9.49 

577 

lu 

9.49 

615 

17 

9.49 

654 

IS 

9.49 

692 

19 

9.49 

730 

20 

9.49 

768 

21 

9.49 

SOO 


9.49 

S44 

23 

9.49 

SS2 

24 

9.49 

920 

25 

9.49 

9oS 

26 

9.49 

996 

97 

9.50 

034 

28 

9.50 

072 

29 

9.50 

110 

30 

9.50 

148 

31 

9.50 

185 

32 

9.50 

223 

33 

9.50 

261 

34 

9.50 

29S 

35 

9.50 

336 

36 

9,50 

374 

37 

9.50 

411 

38 

9.50 

449 

39 

9.50 

486 

40 

9.50 

523 

41 

9.50 

561 

42 

9.50 

59S 

43 

9.50 

635 

44 

9.50 

673 

45 

9.50 

710 

46 

9.50 

747 

47 

9.50 

784 

48 

9.50 

S21 

49 

9.50 

S5S 

50 

9.50 

S96 

51 

9.50 

933 

52 

9.50 

970 

53 

9.51 

007 

54 

9.51 

043 

55 

9,51 

OSO 

56 

9.51 

117 

57 

9.51 

154 

58 

9.51 

191 

59 

9.51 

227 

60 

9.51 

264 


L Cos 


d L Tan 

9.51 ITS 
9.51 221 

9.51 2G4 

9.51 SOG 

9.51 349 

9.51 392 

9.51 435 

9.51 47 S 

9.51 520 

9.51 503 

9.51 606 

9.51 64S 

9.51 691 

9.51 734 

9.51 776 

9.51 S19 
0.51 S61 

9.51 903 

9.51 946 

9.51 9SS 

9.52 031 

9.52 073 

9.52 115 

9.52 157 

9.52 200 

9.52 242 

9.52 2S4 

9.52 326 

9.52 36S 

9.52 410 

9.52 452 

9.52 494 

9.52 536 

9.52 57S 

9.52 620 

9.52 661 

9.52 703 

9.52 745 

9.52 7S7 

9.52 S29 

9.52 870 

9.52 912 

9.52 953 

9.52 995 

9.53 037 

9.53 078 

9.53 120 

9.53 161 

9.53 202 

9.53 244 

9.53 285 

9.53 327 

9.53 3GS 

9.53 409 

9.53 450 

9.53 492 

9.53 533 

9.53 574 

9.53 615 

9.53 656 

9.53 697 


cd L Ctn 

10.4S822 

10.45 779 

10.45 736 
10.4S G94 
10.4S651 
10.4S60S 
10.4S505 
10.4S522 
10.4S 4S0 
10.4S437 
10.48 394 
10.48352 
10.4S 309 
10.48 266 
10.48 224 
10.48 ISI 
10.48 139 
10.48 097 

10.45 054 
10.48 012 
10.47 969 
10.47 927 
10.47 885 
10.47 843 
10.47800 
10.47 758 
10.47 716 
10.47 674 
10.47 632 
10.47 590 
10.47548 
10.47506 
10.47464 
10.47422 
10.47 380 
10.47339 
10.47 297 
10.47265 
10.47213 
10.47 171 
10.47 130 
10.47 OSS 
10.47 047 
10.47 005 

10.46 963 
10.46 922 
10.46 SSO 
10.46 839 
10.46 798 
10.46 756 

10.46 715 

10.46 673 

10.46 632 
10.46 591 
10.46 550 
10.46 508 
10.46467 
10.46426 
10.46385 
10.46 344 
10.46 303 

L Tan 


( L Cos I d 

9.97 821 

9.97 817 

9.97 S12 

9.97 SOS 

9.97 S04 

9.97 SOO 

9.97 796 

9.97 792 

9.97 788 

9.97 784 

9.97 779 

9.97 775 

9.97 771 

9.97 767 

9.97 763 

9.97 759 

9.97 754 

9.97 750 

9.97 746 

9.97 742 

9.97 73S 

9.97 734 

9.97 729 
9.97725 
9.07 721 
9.97717 

9.97 713 
9.97708 

9.97 704 
9.97700 

9.97 696 

9.97 691 

9.97 687 

9.97 6S3 

9.97 679 

9.97 674 

9.97 670 

9.97 666 

9.97 662 
9.97657 

9.97 653 

9.97 649 

9.97 645 

9.97 640 

9.97 636 
9.97632 

9.97 628 

9.97 623 
9.97619 

9.97 615 
9.97610 

9.97 606 

9.97 602 
9.97597 
9.97593 
9.97589 
9.97584 
9.97580 
9.97576 
9.97571 
9.97567 

LSin 


LCt# l ed 


Prop. Pis. 


4 


43 

42 

8.6 

S.4 

12.9 

12.6 

17.2 

16.8 

21.5 

21.0 

25.8 

25.2 

30.1 

20.4 

34.4 

33.6 

3S.7 

37.8 


39 

38 

7.8 

7.6 

11.7 

11.4 

15.6 

15.2 

19.5 

19.0 

23.4 

22.8 

27.3 

20.6 

31.2 

30.4 

35.1 

34.2 


36 

5 

7.2 

1.0 

10.8 

1.5 

14.4 

2.0 

IS.O 

2.5 

21.6 

3.0 

25.2 

3.5 

2S.S 

4.0 

32.4 

4.5 


41 

SJ 

12.3 

ua 

24.6 

32.8 

36.9 


37 

7.4 

lU 

14.g 

m 

Tn 

25J 

29.6 

334 


From the top: 

For 18°+ or 108^, 
read as printed; for 
108°+ or 288°+, read 
co-fnnetion. 

From the bottom: 

For71°+or251°+, 
read as printed; for 
161°+ or 341°+ read 
co-function- 


Pro p, Pts. 


71 ° — Logarithms of Trifronoinfttrir Fnnrtinns 



19- — Logarithms of Trigonometric Functions 




L Sin ^ d L Tan c d L Ctn L d 


ILoi 204 ! 

9.53 697 : 

10.46 303 


,Cd 3rii . 

9.,=>3 73S 

10.46262 


336 ' 

;>.53 779 

10.46 221: 

j-i*r .T, s 

9.51 374 

9.53 S20 

10.40 180 

Aitr 554 

9.51 411 

9.53 S61 

10.46 139 

9,97 5.V.> 

9-51 447 

9.53 902 

10.10098 

9.97 515 

9.51 4S4 

9.53 943 

lf.J.4G 057 

9.97 5 U 

9.51 520 

9.53 984 

1U.46 016 

9.97 5i», 

9.51 557 

9.54 025 

10.45 975 

9.97 532 

9.51 593 

9.54 065 

10.45935 

9.97 

9.51 029 

9.54 106 

10.45 S94 

9.97523 

9.51 G66 

9.54 147 

10.45 S53 

9.97519 

9.51 702 

9.54 187 

10.45 81.3 

92*7515 

9.51 73S 

9.54 22S 

10.45 772 

9.97 510 

9.51 774 

9.54 269 

10.45 731 

9.97 5 '>5 

9.51 SIX 

9.54 300 

10.45 691 

9.97501 

9.51 S47 

9.54 350 

10.45 650 

9.97 497 

9.51 SS3 

9,54 390 

10.45610 

9.97492 

9.51 919 

9.54 431 

IU.45 569 

9.97 48.^ 

9.51 955 

9.54 471 

10.45529 

9.97 4t<4 

9.51 991 

9.54 512 

10.45 4S8 

9.97479 

9.52 027 

9-54 552 

10.45448 

9.97475 

9,52 063 

9.54 593 

10.45407 

9.97470 

9.52 099 

9.54 633 

10.45367 

9.97466 

9.52 135 

9.54 673 

10.45327 

9.97461 

9.52 171 

9.54 714 

10.45 2SG 

9.97457 

9.52 207 

0.54 754 

10.45 246 

0.97453 

9.52 242 

9.54 794 

10.45206 

0.97448 

9.52 27S 

9.54 S:i5 

10.45 165 

9.97444 

9.52 314 

9.54 875 

10.45 125 

0.97439 

9.52 350 

9.54 915 

10.45 0S5 

9.97435 

9.53 3S5 

9.54 955 

10.45045 

9.97 430 

9.52 421 

9.54 995 

10.45005 

9.97426 

9.52 456 

9.55 035 

10.44965 

9.97421 

9.52 492 

9.55 075 

10.44925 

9.97417 

9.52 527 

0.55 115 

10.44 8SS 

9.97412 

9.52 563 

9,55 155 

10.44 S45 

9.97 40S 

9.52 59S 

9.55 195 

10.44 S05 

9.97403 

9.52 634 

9.55 235 

10.44765 

0.97 399 

9.52 669 

9.55 275 

10,44725 

9.97394 

9.52 705 

9.55 315 

10.44 6S5 

9.97390 

9.52 740 

9.5o 3 od 

10.44645 

9.9738,5 

9.d 2 i i o 

9.55 395 

10.44605 

9-97 381 

9.52 Sll 

9.55 434 

10.44566 

9.97376 

9.52 846 

9.55 474 

10.44526 

9.97372 

9.52 S81 

9.55 514 

10.44 4S6 

9.97367 

9.52 916 

9.00 oo4 

10.44446 

9.97363 

9.52 951 

9.55 593 

10.44407 

9.07358 

9.52 9S6 

9.55 633 

10.44 36' 

0.97 353 

9.53 021 

9.55 673 

10.44327 

0.97 349 

9.53 056 

9.00 712 

10.44 288 

9.97344 

9.53 092 

9.55 752 

10.44 248 

9.97 340 

9.53 126 

9.55 791 

10.44 209 

9.97335 

9.53 161 

9.55 831 

10.44 169 

9.97 331 

9.53 196 

9.55 870 

10.44 130 

9.97326 

9.53 231 

9.55 910 

10.44 090 

9.97322 

9.53 266 

9.55 949 

10,44 051 

9.97 317 

9.53 301 

9.55 989 

10.44 011 

9.97312 

9.53 336 

9.56 02S 

10.43972 

9.97 30S 

9.53 370 

9.56 067 

10.43 933 

9.97 303 

9.53 40i 

9.56 107 

10.43893 

9.97299 

L Cos Id 

L Ctn 

cd LTan 

L Sin 
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.'i ; 


11.7 

I iJj 


4 ; vuA I 

■ 1 .i' • ■ jr.ri 

'u..« 

1* li i , d7tA 


j 

37 

38 1 

1 38 


7.4 

w -> 

' 7.0 

ii] 

11.1 

1:V“ 

1 P65 

4 1 

: 14. > 

14 4 

1 1 4a> 


: iv5 

l^.a 

17. ,5 



21,6 

1 2I.H 


! **", 
i 2.86 ’ 

28]s 

o| 

i 33.3 i 

32.4 



1 34 

i 5 

1 * 


6,.S 

10.2 

13.6 

ir.o 

2f>.4 

23.S 

27.2 

3o!6 


i'i ^ 

IJ 

1.0 

2.0 

2.4 

2.^ 

3,. 


4.3 j 3.6 


From the top: 

For 19^* or 199®- 
read as printed; for 
lOr-ori^^.read 
co-fuactioa. 

From the bottom: 

For70®-or25(p-, 
read as printed; for 
160®^ or 340*% read 
oo-fimctiQn. 


Prop-Fts, 


70“ — Logarithms Trigonometric Functions 



66 


20*^ — Logwdikms of Trigonometric Functions 


[III 


h Sin ! d L Tan c d } L Ctn L Cos 



9.53 

405 

9.56 

107 

10.43 

893 

9.97 

299 


9.53 

440 

9.56 

146 

10.43 

854 

9.97 

294 


9.53 

475 

9.56 

1S5 

10.43 

815 

9.97 

289 


9.53 

509 

9.56 

224 

10.43 

776 

9.97 

2S5 


9.53 

544 

9.56 

264 

10.43 736 

9.97 

280 


9.53 

578 

9.56 

303 

10.43 

697 

9.97 

276 


9.53 

013 

9.56 

342 

10.43 

65S 

9.97 

271 


9.53 

647 

9.56 

3S1 

10.43 

619 

9.97 

266 


9.53 

6S2 

9.56 

420 

10.43 

580 

9.97 

262 

9 

9.53 

716 

9.56 

459 

10.43 

541 

9.97 

257 

10 

9.53 

751 

9.56 

498 

10.43 

502 

9.97 

252 

11 

9.53 

785 

9.56 

537 

10.43 

463 

9.97 

248 

12 

9.53 

819 

9.56 

576 

10.43 

424 

9.97 

243 

13 

9.53 

S54 

9.56 

615 

10.43 

385 

9.97 

238 

14 

9.53 

SSS 

9.56 

654 

10.43 

346 

9.97234 

15 

9.53 

922 

9.56 

693 

10.43 

307 

9.97 

229 

16 

9.53 

957 

9.56 

732 

10.43 

268 

9.97 

224 

17 

9.53 

991 

9.56 

771 

10.43 

229 

9.97 

220 

18 

9.54 

025 

9.56 

810 

10.43 

190 

9.97 

215 

19 

9.54 

059 

9.56 

S49 

10.43 

151 

9.97 

210 

20 

9.54 

093 

9.56 

SS7 

10.43 

113 

9.97 

206 

21 

9.54 

127 

9.56 

926 

10.43 

074 

9.97 

201 

22 

9.54 

161 

9.56 

965 

10.43 

035 

9.97 

196 

23 

9,54 

195 

9,57 

004 

10.42 

996 

9.97 

192 

24 

9.54 

229 

9.57 

042 

10.42958 

9.97 

1S7 

25 

9.54 

263 

9.57 

081 

10.42919 

9.97 

182 

26 

9.54 

297 

9.57 

120 

10.42880 

9.97 

178 

27 

9.54 

331 

9.57 

158 

10.42 

842 

9.97 

173 

28 

9.54 

365 

9.57 

197 

10.42 

803 

9.97 

168 

29 

9.54 

399 

9.57 

235 

10.42 

765 

9.97 

163 

30 

9.54 

433 

9.57 

274 

10.42726 

9.97 

159 

31 

9.54 

466 

9.57 

312 

10.42 

688 

9.97 

164 

32 

9.54 

500 

9.57 

351 

10.42 

649 

9-97 

149 

33 

9.54 

534 

9.57 

3S9 

10.42 

611 

9.97 

145 

34 

9.54 

567 

9.57 

42S 

10.42572 

9.97 

140 

35 

9.54 

601 

9.57 

466 

10.42 

534 

9.97 

135 

36 

9.54 

635 

9.57 

504 

10.42 

496 

9.97 

130 

37 

9.54 

668 

9.57 

543 

10.42457 

9.97 

126 

38 

9.54 

702 

9.57 

5S1 

10.42 

419 

9.97 

121 

39 

9.54 

735 

9.57 

619 

10.42 

381 

9.97 

116 

40 

9.54 

769 

9.57 

658 

10.42 

342 

9.97 

111 

41 

9.54 

802 

9.57 

696 

10.42 

304 

9.97 

107 

42 

9.54 

836 

9.57 

734 

10.42 

266 

9.97 

102 

43 

9.54 

869 

9.57 

772 

10.42 

228 

9.97 

097 

44 

9.54 

903 

9-57 

810 

10.42 

190 

9.97 

092 

45 

9.54 

936 

9.57 

849 

10.42 

151 

9.97 

087 

46 

9.54 

969 

9.57 

887 

10.42 

113 

9.97 

083 

47 

9.55 

003 

9.57 

925 

10.42 

075 

9.97 

07S 

48 

9.55 

036 

9.57 

963 

10.42 

037 

9.97 

073 

49 

9.55 

069 

9.58 

001 

10.41 

999 

9.97 

068 

50 

9.55 

102 

9.58 

039 

10.41 

961 

9.97 

063 

51 

9.55 

136 

9.58 

077 

10.41 

923 

9.97 

059 

52 

9.55 

169 

9.58 

115 

10.41 

885 

9.97 

054 

53 

9.55 

202 

9.58 

153 

10.41 

847 

9.97 

049 

54 

9.55 

235 

9.58 

191 

10.41 

809 

9.97 

044 

55 

9.55 

268 

9.58 

229 

10.41 

771 

9.97 

039 

56 

9.55 

301 

9.58 

267 

10.41 

733 

9,97 

035 

57 

9.55 

334 

9.58 

304 

10.41 

696 

9.97 

030 

58 

9.55 

367 

9.5S 

342 

10.41 

658 

9.97 

025 

59 

9.55 

400 

9,58 

380 

10.41 

620 

9.97 

020 

60 

^•55 

433 

9,58 

418 

10.41 

582 

9.97 

015 


LCos i < 

i LCtn 

cdl LTan 

L Sin 


Prop^Fts, 


40 

39 

8.0 

7.8 

12.0 

11.7 

16.0 

15.6 

20.0 

19.0 

24.0 

23.4 

2S.0 

27.3 

32.0 

31.2 

36,0 

35.1 


38 

7.6 

11.4 

15.2 
19.0 
22.8 
26.6 

30.4 

54.2 


37 

35 

7-4 

7.0 

11.1 

10.5 

14.8 

14.0 

1S.5 

17.5 

22.2 

21.0 

25.9 

24.5 

29.6 

2S.0 

33.3 

31.5 


34 

6.8 

10.2 

13.6 
17.0 
20,4 
23.8 
27.2 

30.6 


33 

5 

6.6 

1.0 

9.9 

1.5 

13.2 

2.0 

16.5 

2.5 

19.8 

3.0 

23.1 

3.5 

26.4 

4.0 

29.7 

4-5 


From the top: 

For20*+or200®' 
read as printed; for 
110°+ or 2S(3P% read 
co-function. 

From the bottom: 

For 69°+ or 249°+, 
read as printed; for 
159°+ or 339°+ read 
co-function. 


Prop. Pts. 


69® — Logarithms of Trigonometric Functions 



s: 


II] 21° — Logarithms of Trigonometrle Fujcictioxis 


I* Sin L Ta n cd LCtn rL Co«(d 


9.55 

433 

33 

9.58 

418 

9.55 

466 

9.58 

455 

9.55 

499 

33 

9.58 

493 

9.55 

532 

33 

9.58 

531 

5 

564 

32 

9.58 

569 

9.55 

597 

33 

9.58 

606 

9.55 

630 

33 

9-58 

644 

9.55 

663 

33 

9.58 

681 

9.55 

695 

32 

9.o8 

719 

9.55 

728 

33 

«« 

9.58 

757 

9.55 

761 

lio 

9.08 

794 

9.55 

793 

32 

9.53 

832 

9.55 

826 

33 

9.58 

869 

9.55 

858 

32 

9.58 

907 

9.55 

891 

33 

9.58 

944 

9.55 

923 

32 

9.58 

981 

9.55 

956 

33 

9.59 

019 

9.00 

988 

32 

9.59 

050 

9.56 

021 

33 

9.59 

094 

9.56 

053 

32 

9.59 

131 


10.41 y.97yi:, 

iu.llol."# 0.117(110 
10.4 1 tj*u 0.07 r?« 
rj.4l4tV0 0.07 4 
10.41431 
10.41304 
10.4 1 336 0 0 

10.4 1310 0.1«; 0** 1 
10.41 2S1 

10.41243 0.06071 
10.41206 9.96 Otki 
10.41 165 9.96062 
10.41131 9.96937 
10.41003 0.06 0.72 
10.41 036 9.*i6 047 
10,41019 9.96042 
10.40051 O.OtiO^r 
10.40 1M4 9.96032 
10.40906 9.96927 
10,40869 9.9G922 


9.56 OSo 
9.56 iiS 
9.56 150 
9.56 182 
9.56 215 
9.56 247 
9.56 279 

9.56 311 

9.56 343 

9.56 375 
9.56 408 
9.56 440 
9.56 472 
9.56 504 
9.^ 536 
9.56 56S 
9-56 599 
9.56 631 
9.56 663 
9.56 695 
9.56 727 
9.56 759 
9.56 790 
9.56 822 
9.56 S54 
9.56 886 
9.56 917 
9.56 949 

9.56 980 

9.57 012 
9.57 044 
9.57 075 
9.57 107 
9.57 138 
9.57 169 
9.57 201 
9.57 232 
9.57 264 
9.57 295 
9.57 326 
9.57 358 


33 

32 

32 

33 
32 
32 
32 
32 

32 

33 
32 


32 

32 

32 

31 

32 
32 
32 
32 
32 

31 

32 
32 
32 

31 

32 

31 

32 
32 

31 

32 
31 

31 

32 

31 

32 
31 

31 

32 


9.59 168 
9.59 205 
9.59 243 
9.59 280 
9.59 317 
9.59 354 
9.59 391 
9.59 429 
9.59 466 
9.59 503 
9.59 540 
9.59 577 
9.59 614 
9.59 651 
9.59 688 
9.59 725 
9.59 762 
9.59 799 
9.59 835 
9.59 872 
9.59 909 
9.59 946 

9.59 983 

9.60 019 
9.60 056 
9.60 093 
9.60 130 
9.60 166 
9.60 203 
9.60 240 
9.60 276 
9.60 313 
9-60 349 
9.60 3S6 
9.60422 
9.60 459 
9.60 495 
9-60 532 
9.60568 
9.60 605 
9.60 641 


10.40832 9.96 917 
10.40795 9.9l>912 
10.40757 9.1>f>907 
10.40 720 9.96903 
10.40683 9.1>6 898 
10.40 646 9.96 S93 
10.40609 9.96 
10.40571 9.96 883 
10.40534 9.96 878 
10.40497 9.96873 
10.40460 9.96868 
10.40423 9.96 863 
10.40386 9.96858 
10.40349 9.96853 
10.40312 9.96 848 
10.40275 9.96 843 
10.40238 9.96 838 
10.40201 9.06833 
10.40165 9.96 S28 
10.40128 9.96823 
10.40091 9.96 SIS 
10.40054 9.96813 
10.40 017 9.96 808 
10.39 981 9,96803 
10,39944 9.96798 
10.39907 9.96793 
10.39870 9.90788 
10.39 834 9.96783 
10.3979 9.96 77S 

10.39760 9.96772 
10.39724 9.96 767 
10.39 6S' 9.96762 

10.39 651 9.96757 
10.39 614 9.96 752 
10.39578 9.96747 
10.39541 9.96 742 
10.39505 9.96 737 
10.39468 9.^732 
10.39432 9.96 727 
10.39395 9.96722 
10.39 359 9.96717 


L Cos Id LCtn cd L Tan LSin 


l*rop. Fli. 


38 37 

7.4^ 
Il.l ! U 1 1 

m 


n.j ■ il ^ 

ii 1 


I ' 


-Lti 

y^.i 

-ii.2 



33 

32 

31 

6.6 

6.4 

6.2 


9,,^ 

9.4 

1 i,2 


12.4 

5 


15.5 

1 '.8 

VK'J 

lx*". 

•Jll 

224 

2L7 


25, 

24/8 

1 

2^.^ j 

i 27.9 


1 5 

5 i 4 

1 1.2 

I.o ' 

1.8 

1.5 1 1 2 

i 2.4 

2.i,H L6 

f;<.o 

2.5 1 2.0 

jd.d 

:oo 2,4 

4,2 

d.O j 2 8 

' iy 

4JJ ; ;i 2 

4 sr 


From the top: 

For 21^" or 201-, 
read as ja-inted; for 
111®~ or 291**, read 
eofuiictioii. 

From thi boiiom: 

For68*+or24r*, 
read ass printed; for 
158®* or read 
eo-fiira;tionL. 


Prop, PtB. 


— T^arithms of Trigonometrie FimctikHis 



■ Logarithms of Trigonometric Functions 


L Tan i c d i L Ctn I L Cos I d 


9.57 35S 
9.57 3is9 
9.57 420 
9.57451 
9.57 4S2 
9.57 514 ^ 
9.57 545 SI 
9.57 576 SI 
9.57 607 SI 

9.57 63S SI 

19.57 669 1] 
19.57 700 SI 
19.57 731 SI 

13 9.57 762 Si 

14 9.57 793 SI 

15 9.57 824 1 

16 9.57 855 SI 

17 9.57 8S5 SO 
IS 9.57 916 SI 

19 9.57 947 SI 

20 9.57 978 Z: 

21 9.5S008 ^ 

22 9.5S039 SI 

23 9.58 070 Ji 

24 9.58101 ^ 
26 9.58131 ^ 

26 9.58162 Si 

27 9.58192 SO 

28 9.58 223 SI 

29 9.58 253 ^ 

30 9.5S 284 H 

31 9.5S314 ^ 

32 9.58 345 SI 

33 9.5S375 SO 

34 9.58 406 ^ 

35 9.58 436 _ 

36 9.5S467 SI 

37 9.58 497 fO 

38 9.58 527 SO 

39 9.58 557 ^ 

40 9.58 588 f' 

41 9.58 618 ^ 

42 9.58 648 SO 

43 9.58 678 ^ 

44 9.58 709 ^ 

45 9.58 739 ^ 

46 9.58 769 SO 

47 9.58 799 ^ 

48 9.5S829 ^ 

49 9.58 859 ^ 

50 9.58 889 ^ 

51 9.58 919 SO 

52 9.58 949 JO 

53 9.58 979 JO 

54 9.59 009 JO 

55 9.59 039 

56 9.59 069 JJ 

57 9.59 098 JJ 

58 9,59 128 J9 

59 9.59 158 SO 

60 9.59188 


L Cos I d 


67 '^- 


9.60 641 _ 
9.60 677 JJ 
9.60 714 S^ 
-9.60 750 J® 
9.60 7S6 p 

19.60 823 Z 
9.60 859 JJ 

9.60 895 SO 
9.60 931 J5 

9.60 967 p 

9.61004 ' 

9.01040 Jf 
9.61076 JO 
9.61112 S6 

9.61 148 p 
9.61 1S4 
9.61 220 J! 
9.61256 J^ 
9.61 292 J5 
9.61 328 p 
9.61364 Z 
9.61 400 JJ 
9.61436 P 
9.61 472 p 
9.61 508 p 
9.61544 
9.61579 So 
9.61615 JJ 
9.61651 p 
9.61687 p 
9.61722 ^ 
9.61 758 p 
9.61794 JJ 
9.61 830 JJ 

9.61 865 p I 
9.61901 p 
9.61936 p 
9.61972 p 

9.62 008 JJ 
9.62 043 p 
9.62 079 
9.62 114 p 
9.62 150 J! 
9.62 185 J^ 
9.62 221 So 

9.62 256 ll 
9.62 292 so 
9.62 327 JJ 
9.62 362 J2 
9.62 398 p 
9.62 433 tl 
9.62 468 p 
9.62 504 J? 
9.62 539 J? 
9.62 574 So 

9.62 609 
9.62 645 JJ 
9.62 680 J? 
9.62 715 Js 
9.62 750 p 
9-62 785 


L Ctn led 


9.96717 , 
9.96711 ! 
9.96706 ? 
9.96701 ? 
9.96696 8 
9.96691 ! 
9.96 6S6 ? 
9.96681 ? 
9.96 676 s 
9.96670 J 
9.96665 ! 
9.96660 e 
9.96655 e 
9.96 650 e 
9.96 645 e 
9.96 640 I 
9.96 634 ? 
9.96 629 e 
9.96 624 ? 
9.96 619 ? 
9.96 614 " 
9.96 608 ? 
9.96 603 ^ 
9.96 59S J 
9.96 593 ! 
9.96588 I 
9,96582 ? 
9.96577 ? 
9.96 572 ^ 
9.96567 J 
9.96 562 I 
9.96556 J 
9.96 551 J 
9.96 546 J 
9.96 541 ° 
9.96535 ^ 
9.96530 f 
9.96525 f 
9.96 520 ! 
9.96514 J 
9.96 509 I 
9.96504 J 
9.96498 J 
9.96493 ? 
9.96488 I 
9.96483 ^ 
9.96477 5 
9.96472 ? 
9.96467 ^ 
9.96461 !| 
9.96456 ^1 
9.96451 f 
9.96445 ! 
9.96440 ^ 
9.96435 5 
9.96429 ! 
9.96424 ? 
9.96419 ® 
9.96413 5 
9.96408 ! 
9.96403 "" 


L Tan 1 L Sin d 


I 10.39359 
10.39323 
10.39 286 
10.39250 
10.39214 
10.39 177 
10.39 141 
10.39 105 
10.39 069 
10.39 033 
10-38996 
10.38960 
10.38924 

10.38 888 
10.38852 
10.38816 

10.38 7S0 
10.38744 
10.38708 
10.38672 
10.38 636 
10.38600 
10.38564 
10.38528 
10.38492 
10.38456 
10.38421 
10.38385 
10.38 349 
10.38313 
10.38278 
10.38242 
10.38206 
10.38 170 
10.38 135 
10.38099 
10.38064 
10.38028 
10.37992 
10.37957 
10.37921 
10.37886 
10.37850 
10.37815 
10.37779 
10.37744 
10,37708 
10.37673 
10.37638 
10.37602 
10.37 567 
10.37532 
10.37496 
10.37461 1 
10.374261 
10,37391 
10.37355 
10.37320 
10,37285 
10.37 250 
10.37215 I 



8 23.2 4.8 4.0 

9 j 26.1 1 5.4 ' 4.6 


From the top: 

16 For22®+or202®+, 

15 read as printed; for 

14 112®+or292^»read 

15 co-function. 

From the bottom: 
For67«*+or24T*+, 
read as printed; for 
157“+ or 337*^+ read 
co-function- 



Logarithms of Trigonometric 


Prop. Pts. 


Functions 
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9 

[10 

11 

li 

U 

[IS 

10 
17 
IS 
19 

[20 

21 

22 

23 

24 

|25 

26 


2S 

29 

30 

31 

32 

33 

34 

35 

36 

37 
3S 

39 

40 

41 
43 

43 

44 

45 

46 

47 
4S 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 


I^Sin 

9.59 ISS 
9.59 218 
9.59 247 
9.59 277 
9.59 307 
9.59 336 
9.59 3G6 
9.59 396 
9.59 425 
9.59 455 
9.59 4S4 
9.59 514 
9.59 543 
9.59 573 
9.59 602 

9.59 632 

9.59 60 1 

9.59 690 
9.59 720 
9.59 749 
9.59 778 
9.59 SOS 
9.59 S:i7 
9.59 S66 
9.59 895 
9.59 924 
9.59 954 

9.59 9S3 

9.60 012 
9.60 041 
9.60 070 
9.60 099 
9.60 12S 
9.60 157 
9.60 1S6 
9.60 215 
9.60 244 
9.60 273 
9.60 302 
9.60 331 
9.60 359 
9.60 3SS 
9.60417 
9.60446 
9.60474 
9.60 503 
9.60 532 
9.60 561 
9.60 5S9 
9.60 618 
9.60 646 
9.60 675 
9.60 704 
9.60732 
9.60 761 
9.60 789 
9.60 SIS 
9.60 846 
9.60 875 
9.60 903 


30 

29 

30 
30 

29 

30 
30 

29 

30 

29 

30 

29 

30 

29 

30 
29 

29 

30 
29 

29 

30 
29 
29 
29 

29 

30 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
28 
29 
29 
29 
2S 
29 
29 
29 
28 
29 
28 
29 
29 
28 
29 
28 


9.G2 785 
9.62 820 
9.62 S55 
9.62 890 
9.62 920 
9.62 961 

9.62 90G 

9.63 031 
9.63 066 
9.63 101 
9.63 135 
9.63 170 
9.63 205 
9.63 240 
9.63 275 
9.63 310 
9.63 345 
9.63 379 
9.63 414 
9.63 449 
9.63 484 
9.63 519 
9.63 553 tt 
9.63 5SS 
9.63 623 ti 
9.63 657 


9.63 726 
9.63 761 
9.63 796 
9.63 830 
9.63 S65 
9.63 S99 
9.63 934 

9.63 968 

9.64 003 
9.64 037 
9.64 072 
9.64 106 
9.64 140 
9.64 175 
9.64 201 
9.64 24J 
9.64 27: 
9.64 31: 
9.64 34 
9.64 38 
9.64 41 
9.64 44' 
9.64 4Si 
9.64 51' 
9.64 55. 
9.64 5S( 
9.64 62' 
9.64 65 
9.64 6S 


34 

35 
35 

34 

35 

34 

35 

34 

35 

34 

35 
34 

34 

35 
34 


34 


.0.37215 i 

.96 4^ a ' 

,0.37 i^0 i 

.96397 

0.37 145 < 

.96 392 

.0.37110 ^ 

.96,3^7 

.0.37074 

.96381 

.0.37030 j 

.96376 

■0.370U4 ' 

.96 37U 

0.3G 960 . 

.9ti 3»>5 

-0.30 934 

*.96360 

L0.3G 800 i.OG 354 

.0.36 865 0.9fi349 

iO.36 830 L 

696343 

10,36795 9.9G33S 

.0.36760 9.96333 

.0.36 725 f 

>.96327 

.0.36 69i) 9.06322 1 

.0.36 655 1 

>.96 316 

10.36 621 < 

>.96311 

.0.?i6 5S6 \ 

>.96305 

:0.36 551 9.96 30f- 1 

10.36 516 9.96 294 I 

.0.36 481 9.96 2S0 : 

.0.36447 

9.96 2S4 

10.36 412 

9.96 278 

10.36377 

9.96273 

10.36343 

9.96267 

10.36 30S 

9.96 262 

10.36274 

9.96 258 

10.36231 

9.96251 

10.36204 

9.96245 

10.36 170 

9-96240 

10.36 135 

9.96234 

10.36 101 

9-96229 

10.36066 

9.96223 

10.36032 

9.96 21S 

10.35 997 

9.96212 

10.35 96' 

9.96207 

10.35 92S 

9.96201 

10.35894 

9.96 196 

10.35 S6C 

9.96 190 

10.35 825 

9.96 1S5 

10.35791 

9.96 179 

10.35757 ; 

9.96 174 

10.35 72i 1 

9.96 168 

10.35 6Si 

9.96 162 

10.35654 

9.96 157 


10.35 58^ 
10.3555 
^ 10.3551 
10-3548? 
10.3544 
10.3541- 
10.35 3SC 
10.35 34( 
9.64 6S ^ 10.35 31 
9.64 72. ^ 10.^2. 

9.64 751 10.30 24 


9.64 79< 
9.64 sr 
9.64 S 


34 10.3521 
10-3517 
10.35 142 


9.96 146 
9.96 140 
9.96 135 
9.96 129 
9.96 123 
9.96 IIS 
9.96 112 
9.96 107 
9.96 101 
9.96095 
9.96090 
9.96 084 
9.96 079 
9.96073 


60 


50 

49 

45 
47 

46 
45 
44 
43 
42 
41 
40 
39 

35 
37 

36 
36 
34 
33 
32 
31 
30 
29 

3- 

26 

25 

li4 

2?i 

22 

21 

20 

19 

15 
17 

16 
15 
14 
13 
12 
U 
10 

9 

8 


Prop. Pte. 


m 

7,2 

11.4 
i^.u 
21.6 
'*5 ** 

32.4 


35 

7.0 

14.0 

17.5 
2LO 

24.5 
4(!H.O 

31.5 


1 34 
2i 6.8 

3 I 10.2 

4 ' 13.6 

5 : 17.0 
tf . 21^.4 
7 i 23..S 

9 i 30.6 i 27'0 


30 

6.0 

9.0 

12.0 

15.0 

15.0 

21.0 

24.0 


29 

28 

5.S 

5.6 

8.7 

8.4 

11,6 

n.2 

14.5 

14,0 

17.4 

16.8 

20,3 

19.6 

23.2 

22.4 

26.1 i 25.2 

6 

5 

1.2 

1.0 


1.5 

2.4 

2J'> 

3.C« 

2.5 

3.6 

3.0 

4.2 

.3.5 

4.H 

4.0 

1 5.4 

145 


From the top: 

For23«"or20r^, 
read as printer!; fm 
113=-^ or 293®^, read 
co-funcuon. 

From the bottom: 

For 66®+ or 246®+ 
read as printed; for 
I56''ur336®+,reiyl 
eo-f unction. 


L Cos ! d 
66 ®- 


1 LCtn icd! LTan i LSin 

- Logarithms of Trigonometric Functions 
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24"" — Logarithms of Trigonometric 

LSin I d L Tan fcdi L Ctn | L Cos }d 


Pimctions pn 

Prop . PtsT 


9.60 931 

9.60 960 
9.60988 

9.61 016 
9.61 045 
9.61 073 
9.61 101 
9.61 129 
9.61 loS 
9.61 186 

10 9.61214 

11 9.61242 

12 9.61270 

13 9.61298 

14 9.61326 

15 9.61354 

16 9.61382 

17 9.61411 
IS 9.61438 

19 9.61466 

20 9.61494 

21 9.61522 

22 9.61550 

23 9.61578 

24 9.61606 

25 9.61634 

26 9.61 662 

27 9.61 6S9 

28 9.61717 

29 9.61745 

30 9-61773 

31 9.61800 
,32 9.61 828 

33 9.61 856 

34 9.61883 

35 9.61911 

36 9.61 939 

37 9.61966 

38 9.61994 

39 9.62 021 

40 9.62 049 

41 9.62 076 

42 9.62 104 

43 9.62 131 

44 9.62159 

45 9.62186 

46 9,62 214 

47 9.62 241 

48 9.62 268 

49 9.62 296 

50 9.62 323 

51 9,62 350 

52 9.62 377 

53 9.62 405 

54 9.62 432 

55 9.62 459 

56 9.62 486 

57 9.62 513 

58 9.62 541 

59 9.62 568 

60 9.62 595 


9.64 SoS 
9.64 892 
9.64 926 
9.64 960 

9.64 994 

9.65 028 
9.65 062 
9.65 096 
9.65 130 
9.65 164 
9.65 197 
9.65 231 
9.65 265 
9.65 299 
9.65 333 
9.65 366 
9.65 400 
9.65 434 
9.65 467 
9.65 501 
9.65 535 
9.65 568 
9.65 602 
9.65 636 
9.65 669 
9.65 703 
9.65 736 

9.65 770 

9.65 803 

9.65 837 
9.65 870 
9.05 904 
9.65 937 

9.65 971 

9.66 004 
9.66 038 
9.66 071 
9.66 104 
9.66 138 
9.66 171 
9.66 204 
9.66 238 
9.66 271 
9.66 304 
9.66 337 
9.66 371 
9.66 404 
9.66 437 
9.66 470 
9.66 503 
9.66 537 
9.66 570 
9.66 603 
9.66 636 
9.66 669 
9.66 703 
9.66 735 
9.66 768 
9.66 SOI 
9.66 834 
9.66 867 


10.35142 9.96073 
10.35108 9.96067 
10.35074 9.96062 
10.35 040 9.96056 
10.35 006 9.96 050 


LCos I d 


10.34972 
10.34938 
10.34904 
10.34870 
10.34836 
10.34803 
10.34769 
10.34735 
10.34701 
10.34667 
10.34634 
10.34600 
10.34566 
10.34533 
10.34499 
10.34465 
10.34432 
10.34398 
10.34364 
10.34331 
10.34297 
10.34264 
10.34230 
10.34 197 
10.34 163 
10.34 130 
10.34096 
10.34063 
10.34029 
10.33996 

10.33 963 

10.33 929 
10.33896 

10.33 862 
10.33 829 
10.33 796 
10.33 762 
10.33 729 
10.33 696 

10.33 663 

10.33 629 

10.33 596 

10.33 563 
10.33 530 
10.33497 
10.33463 
10.33430 
10.33397 
10.33364 
10.33 331 
10.33 298 
10.33265 
10.33232 
10.33 199 
10.33 166 
10.33 133 

cdl LTan 


9.96 045 
9.96039 
9.96 034 
9.96 028 
9.96022 
9.96 017 
9.96 011 
9.96005 
9.96 000 
9.95 994 
9.95 988 
9.95 982 
9.95 977 
9.95971 
9.95965 
9.95 960 
9.95 954 
9.95 948 
9.95942 
9.95 937 
9.95 931 
9.95926 
9.95 920 
9.95914 
9.95908 
9.95 902 
9.95 S97 
9.95 891 
9.95 885 

9.95 879 

9.95 873 

9.95 868 
9.95862 

9.95 856 

9.95 850 
9.95844 

9.95 839 
9.95 833 
9.95 827 
9.95 821 
9.95 815 
9.95 810 
9.95 804 
9.95 798 
9.95 792 
9.95 786 
9.95 780 
9.95 775 
9.95 769 
9.95763 
9.95 757 
9.95 751 
9.95 745 

9.95 739 
9.95733 

9.95 728 

i L Sin 1 


34 33 

2 6.8 6.6 

3 10.2 9.9 

4 13.6 13.2 

5 17.0 16.5 

6 20.4 19.8 

7 23.8 23.1 

8 27.2 26.4 

9 30.6 29.7 

29 28 

2 5-8 5.6 

3 8.7 8.4 

4 11.6 11.2 

5 14.0 14.0 

6 17.4 16.8 

7 20.3 19.6 

8 23.2 22.4 

9 26.1125.2 

27 

2 5.4 1.2 

3 8.1 1.8 

4 10,8 2.4 

5 13.5 3.0 

6 16.2 3.6 

7 18.9 4.2 
S 21.6 4.8 
9 24.3 5.4 


From the top: 

For24®-^or204'»+ 
read as printed; for 
114‘»+or294®\read 
co-function. 

From the hotiom: 

For 65°+ or 245^+ 
read as printed; fo] 
155°+ or 336°+ read 
co-function. 


Prop. Pts. 


65° — Logarithms of Trigonometric FnnrfiATKi 
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LSin li Tan , cd ; LCtn L C< 


Prop. Pti. 


9.t)2 5‘Jo 
9 j'‘2 G22 
l>.ti2 G49 
9 .G2 u76 
9.G2 703 
9.62 730 
9.62 7o7 
9.62 7S4 
9.62 Si 1 
9 9.62 83S 
1 10 9.62 SG5 
9.62 S92 
9.62 9XS 
9.G2 045 
9.62 972 

9.62 999 

9.63 026 
9.63 062 

IS 9.63 079 
19 9.63 106 
|20 9.63 133 
21 9.63 159 

1 22 9.63 1S6 

123 9.63 213 

24 9.63 239 
l25 9.63 266 

26 9.63 292 

27 9.63 319 

25 9.63 345 

29 9.63 372 

30 9.63 39S 

31 9.63 425 

32 9.63 451 

33 9.63 47S 

34 9.63 504 
36 9.63 531 

36 9.63 557 

37 9.63 5S3 

35 9.63 610 

39 9.63 636 

40 9-63 662 

41 9.63 6S9 

42 9.63 715 

43 9.63 741 

44 9.63 767 

45 9.63 794 

46 9.63 820 

47 9.63 846 
4S 9.63 S72 

49 9.63 898 

50 9.63 924 

51 9-63 950 

52 9.63 976 

53 9.64 002 

54 9.64 028 

55 9.64 054 

56 9.64 080 

57 9.64106 

58 9.64132 

59 9.64 158 

60 9.64 184 


27 

26 

27 

27 

27 



24 

26 

27 

26 

27 


27 

26 

27 

26 

27 

26 

27 

26 


26 

26 

27 


27 

26 


26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 


9.66 867 


J.33 13.5 

9.9.5 72^ 

9.66 900 

i3 

0.33 100 

9.95722 

9.66 033 

33 

0.33 OtiT 

9.95 7 IG 

9.66 966 

13 

0.33034 

9.95 TIG 

9.G6 999 

{.3 

j3 

0.33 (KU 

9.95 7<M 

9.67 032 


.0.32 Otiii 

9.95 69S 

9.67 065 

!3 

0.32935 

9.95 ti92 

9.67 098 

13 

0.32 902 

9.9.5 

9.67 131 

(3 

0.32 869 

9.95 G8i > 

9.67 163 

12 

33 

0.32 837 

9.95 67 1 

9.67 196 


.0.32 S04 

9.95 668 

9.67 229 

33 

0.32 771 

9.95 663 

9.67 262 

33 

0.32 738 

9.9-5 6>5^ 

9.67 295 

33 

:0.32 705 

9.95 651 

9.67 327 

12 

13 

.0.32 073 

9.95 645 

9.67 360 


0.32 640 

9.95639 

9.67 393 

33 

0.32 607 

9.95 

9.67 426 

33 

10.32 574 

9.95627 

9.67 45S 

32 

10.32 542 

9.95621 

9.67 491 

33 

-0.32509 

9.95615 

9.67 524 


10.32 476 

9.95 609 

9.67 556 

32 

iO.32 444 

9.95603 

9.67 589 

33 

.0.32411 

9.95 .59’ 

9.67 622 

33 

.0.32378 

9.95.591 

9.67 654 

32 

10.32 346 

9.95 5n5 

9.67 687 

OO 

10.32313 

9.95 579 

9.67 719 

32 

.0.32 281 

9.95573 

9.67 752 

33 

:0.3224S 

9.95 56' 

9.67 785 

33 

i0.,32 215 

9.9.5561 

9.67 817 

32 

10.32 183 

9.95 555 

9.67 850 

o%> 

10.32 150 

9.95549 

9.67 8S2 


10.32 118 

9.95 543 

9.67915 


10.32085 

9.95537 

9.67 947 


10.32053 

9.95531 

9.67 980 


10.32 020 

9.95 525 

9.68012 


10.31 9SS 

9.95519 

9.68 044 


10.31 956 

9.95513 

9.68 077 


10.31 923 

9.95507 

9.68 109 


10.31891 

0.95 5<X 

9.68 142 


10.31 S5S 

9.95494 

9.68 17- 


10.31 826 

9.95 48S 

9.68 20 


10.31 794 

9.95 4S2 

9.68 23? 


10.31 761 

9 . 954 : 

9.6S 27 


10.31 729 

9 . 954 : 

9.6S 30: 


10.31697 

9.95404 

9,68 33 


10.31 664 

9.9545^ 

9.6S 36: 


10.31 632 

9.95 45; 

9.6S 40( 


10.31 600 

9.9544 

9.6S 435 


10.31 5GS 

9.9544 

9.6S 46 


10.31 5.15 

9.9543 

9.6849' 


10.31 503 

9.9542' 

9.68 52' 


10.31471 

9.95 42 

9.6S 56 


10.31439 

9.9541 

9.6S 59 


10.31407 

9,95 40< 

9.68 62 


10.31 374 

9.9540 

9.68 65 


10.31 342 

9.9539 

9.68 69 


10.31 310 

9.95 39 

9.6S 72 


10.31 27S 

9.95384 

9.6875, 


10.31 246 

9.95 37 

9.68 7Se 


1031 214 

9.953' 

9.68 81 


10.31 182 ] 

1 9.95 36 

LCtn 


L Tan 1 

1 LSln 


33 

n 

6*6 

a.4 

9.9 

y f) 

4 : i:k2 

I2.H 

5 16 5 

16 G 

6 . VJ.s 

l:n2 

7 : 23.1 

2J.4 

8 : 26.4 

25.0 

9 ; 22.7 


; 27 


2! 5.4 

5 > 

3i 

7.S 

4 . lu,.^ 

h)A 

5 ' 13.5 

13.0 

16/2 

1:1.6 

7 ! ls.9 

1S.2 

8' 21.6 

2ii 8 

9 i 24.3 

2;i.t 


S 
1.2 
l.s 
2 4 

3.6 

4.2 

4.8 

5.4 


5 

1.0 

1.5 

2.0 

2..5 

3.0 

t 

4.0 
9 4.5 


From the top: 

mid as priute^i ; fo 
115-'*or295=Mrea». 
co-functioa. 


Frvm tM hMiom: 

For 64®- or 244^ 

read as printed ; ft 

154®- cir334® re^ 


.Pte. 


Lo^arithms of Trig<waoni€trio FimctMJOS 



72 — Logarithms of Trigonometric Functions 


/ 

LSin 1 d 

LTan led! L Ctn 

L Cos 1 d 


I’rop. Pts. 

0 

1 

2 

3 

4 

5 
G 

S 

9 

10 

11 

12 

13 

14 

15 
IG 
17 
IS 

19 

20 
21 
22 

23 

24 
26 
26 
27 

25 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 
l56 

57 

58 

59 

60 

9.64 184 
9.64 210 
9.64 236 
9.64 262 
9.04 2SS 
9.64 313 
9.64 339 
9.64 365 
9.64 391 
9.64 417 
9.64442 
9.64 468 
9.64 494 
9.64 519 
9.64 545 
9.64 571 
9.64 596 
9.64 622 
9.64 647 
9.64 673 
9.64 698 
9.64 724 
9.64 749 
9.64 775 
9.64 800 
9.64 826 
9.64 S51 
9.64 877 
9.64 902 
9.64 927 
9.64 953 

9.64 978 

9.65 003 
9.65 029 
9.65 054 
9.65 079 
9.65 104 
9.65 130 
9.65 155 
9.65 180 
9.65 205 
9.65 230 
9.65 255 
9.65 281 
9.65 306 
9.65 331 
9.65 356 
9.65 381 

9.65 406 

9.65 431 

9.65 456 

9.65 481 
9.65 506 
9.65 531 
9.65 556 
9.65 580 
9.65 605 
9.65 630 
9.65 655 
9.65 680 
9.65 705 

26 

26 

20 

26 

25 

26 
26 
26 
26 

25 

26 
26 

25 

26 
26 

2o 

26 

25 

26 

25 

26 

25 

26 

25 

26 

25 

26 
25 

25 

26 

25 

25 

26 
25 
25 

25 

26 
25 
25 
25 

25 

25 

26 
25 
25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

24 

25 
25 
25 
25 
25 

9.GS SIS 
y.GS S50 
9.GS Ss>2 
9.6S 914 
9.6S 946 
9.6S 978 
9.69 010 
9.09 042 
9.09 074 
9.69 106 
9.69 13S 
9.69 170 
9.69 202 
9.69 234 
9.69 2GG 
9.69 29S 
9.09 329 
9.69 361 
9.69 393 
9.69 425 
9.69 457 
9.69 488 
9.69 520 
9.69 552 
9.69 584 
9.69 615 
9.69 647 
9.69 679 
9.69 710 
9.69 742 
9.69 774 
9.69 805 
9.69 837 
9.69 868 
9.69 900 
9.69 932 
9.69 963 

9.69 995 

9.70 026 
9.70 058 
9.70 089 
9.70 121 
9.70 152 
9.70 184 
9.70 215 
9.70 247 
9.70 278 
9.70 309 
9.70 341 
9.70 372 
9.70 404 
9.70435 
9.70 466 
9.70 498 
9.-70 529 
9.70 560 
9.70 592 
9.70 623 
9.70 654 i 
9.70 685 
9.70 717 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

31 

32 
32 
32 

32 

31 

33 

32 
32 

31 

32 
32 

31 

32 
32 

31 

32 

31 

32 
32 

31 

32 

31 

32 

31 

32 

31 

32 
! 31 

32 

31 

31 

32 

31 

32 

31 

31 

32 
31 

31 

32 
31 
31 

31 

32 

10.31 1S2 
10,31 150 
10.31 118 
10.31 0S6 
10.31 054 
10.31 022 
10.30990 
10.30958 
10.30926 
10.30 894 
10.30862 
10.30 830 
10.30 79S 
10.30 706 
10.30734 
10.30 702 
10.30 671 
10.30 639 
10.30 607 
10.30575 
10.30 543 
10.30512 
10.30480 
10.30448 
10.30416 
10.30385 
10.30353 
10.30321 
10.30290 
10.30258 
10.30226 
10.30 195 
10.30 163 
10.30 132 
10.30 100 
10.30 068 
10.30037 
10.30005 
10.39974 
10.29 943 

1 10.29 911 
10.29 879 
10.29 848 
10.29 816 
10.29785 
10.29 753 
10.29 722 
10.29 091 
10.29 659 
10.29 628 
10.29 596 
10.29565 
10.29 534 
10.29 502 
10.29471 
10.29440 
10.29408 
10.29377 
10.29346 
10.29315 
10.29 283 

9.95 366 
9.95360 
9.95 354 
9.95 348 
9.95 341 
9.95 335 
9.95 329 
9.95 323 
9.95 317 
9.95 310 
9.95 304 
9.95 298 
9.95 292 
9.95 2S6 
9.95279 
9.95273 
9.95267 
9.95261 
9.95254 
9.95248 
9.95 242 
9.95 236 
9.95 229 
9.95 223 
9.95 217 
9.95 211 
9.95 204 
9.95 198 
9.95 192 
9.95 185 
9.95 179 
9.05 173 
9.95 167 
9.95 160 
9.95 154 
9.95 148 
9.95 141 1 
9.95 135 ! 
9.95 129 
9.95 122 
9.95 116 
9.95 110 
9.95 103 
9.95 097 
9.95 090 
9.95084 
9.95 078 
9.95 071 
9.95 065 
9.95 059 
9.95052 
9.95 046 
9.95 039 
9.95 033 
9.95 027 
9.95 020 
9.95 014 
9.95007 
9.95 001 
9.94995 
9.94 988 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

7 

6 

6 

6 

7 

6 

6 

6 

6 

6 

6 

7 

6 

6 

7 

6 

6 

6 

7 

6 

6 

7 

6 

6 

7 

6 

6 

6 

7 

6 

6 

7 

6 

6 

7 

6 

7 

6 

6 

7 

6 

7 

6 

6 

7 

60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

15 
17 

16 
15 
14 
13 
12 
11 
10 

9 

5 
7 

6 
6 
4 
3 
2 

1 

32 31 

2 6.4 6.2 

3 9.6 9.3 

4 12.8 12,4 

5 16.0 15.5 

6 19.2 18.6 

7 22.4 21.7 

8 25.6 24.8 

9 2S.S 27.9 

26 25 

2 5.2 5.0 

3 7.8 7.5 

4 10.4 10,0 
o 13.0 12.5 

6 15.6 15.0 

7 18.2 17.5 

8 20,8 20.0 

9 23.4 22.5 

24 7 

2 4.S 1.4 

3 7.2 2.1 

4 9.6 2.8 

5 12,0 3.5 

6 14.4 4.2 

7 16.8 4.9 

8 19.2 5.6 

9 21.6 6.3 

6 

2 1.2 

3 1.8 

4 2.4 

5 3.0 

6 3.6 

7 4.2 

8 4.8 

9 5.4 

From the top: 

For 26®+ or 206^, 
read as printed; for 
116®+ or 296®+, read 
co-fimction. 

From the hottom: 

For63®+or243®+, 
read as printed; for 
153®+ or 333®+ read 
co-function. 

L Cos 



IE] 



"d 

/ 

Prop 


Logarithms of Trigonometric FunctioTis 











II r 27® — l4>garithms of Trigonometric FnnctioiiB 


LSin LTan cd, L Ctii | L Cos d Prop, Pfe. 



'*.05 Ti.’5 I 

9.70 717 = 

li;».29 

9.94 9Vs 





729 1 *■’ 

9.70 74 S 

10,29 252 

9.94 9n2 





)Ahj 7 ».>4 

K70 779 

10.29 221 

9.94 975 


32 

31 


9.05 779 

0.70 810 : 

10.29 190 

9.94 

o 

6 4 

6J2 


9.05 504 

9.70 S4i , 

it).29 159 

9.94 'MV2 

3 

9.6 

9.3 


9.63 S2S 

9.70 S73 

10.29 127 

9.9195*; 

4 

12.S 

12.4 


9.0*5 tN53 

9.70 904 

10.2*9 096. 

9.94 949 

5 

16.0 

15.5 


9.63 S7n 

9.70 935 

10.29 UG5 

9.94 943 

6 

19.2 

IS.G 


9.65 902 

9.70 966 

10.29 0.34 

9.94 93* * 

7^ 

22.4 

21.7 


'9.63 927 

9.70 997 

10.29 003 

9.94 939 

8 

25.6 

24,8 

10 

9.63 952 

9.71 028 

10.28 972 

9.94 923 

9 

28.S 

27.9 

11 

9.65 970 

9.71 059 

10.2n94I 

9.94 917 




12 

9.66 001 

9.71090 

10.2.S910 

9.94 911 


30 

25 

13 

9.66 025 

9.71 121 

10.28 879 

9.94 9*J4 


14 

9.GG 050 

9.71 153 

10.28 847 

9.94 898 


6.0 

5.0 

15 

9.GG 075 

9.71 1S4 

10.2.8816 

9,94 891 


9.0 


if. 

*9.6G 099 

9.71 215 

10.2.8 7-S5 

9.9 i 8N."i 


12.0 

lO.O 

17 

9.G6 124 

9.71 24G 

10.28 754 

9.94 n7s 


15.0 

12.5 

In 

9.66 14S 

9,71 277 

10.28723 

9.94 871 


IS.O 

15.0 

19 

9.66 173 

9.71 308 

10.28692 

9.94 SG5 


21.0 

1* .5 

20 

9.66 197 

9.71 339 

10.28 661 

9.94 S.VN 



22*5 

21 

9.06 221 

9.71 370 

10.28 630 

9.94 852 





9.66 246 

9.71 401 

10.28 599 

9.94 845 




2.3 

9.66 270 

9.71 431 

10.28569 

9.94 K'M 


24 

23 

24 

9.66 295 

9.71 462 

10.2S538 

9.94 832 

2 

4.8 

4,6 

25 

9.66 319 

9.71493 

10.28507 

9.94 826 

3 


6.9 


9.G6 343 

9.71 524 

10.28476 

9.94 819 

4 

9,6 

Q 


9.60 3GS 

9.71 555 

10.28445 

9.94 813 


12.0 

11.5 

2S 

9.66 392 

9.71 5S6 

10.28414 

9.94 S« ‘G 

G 

14.4 

13.8 

29 

9.66 416 

9.71 617 

10.28383 

9.94 799 


16.8 

16.1 

30 

9.60 441 

9.71 648 

10.28 352 

9.94 793 

8 

19.2 

1S.4 

31 

9.66 465 

9.71 679 

10.28321 

9.94 786 

9 

21.6 

20.7 

32 

9.66 4S9 

9.71 709 

10.28291 

9.94 78^^ 




33 

9.66 513 

9.71 740 

10.28260 

9.94 773 




34 

9.66 531 

9.71 771 

10.2S229 

9.94 767 


1 ^ ! 

6 

35 

9.66 562 

9.71 802 

10.28 19S 

9.94 760 

<> 

! 1.4; 

1.2 

30 

9.66 5S6 

9.71 833 

10.28 167 

9.94 753 

3 

1 2M , 

1.8 

37 

9.66 610 

9.71 863 

10.28 137 

9.94 747 


2.S 


35 

9.66 634 

9.71 894 

10.28 106 

9,94 740 


3.5 

3.0 

39 

9.66 65S 

9.71 925 

10.28075 

9.94 734 


4.2 

3.6 

40 

9.66 6S2 

9.71 955 

10.2S045 

9.94 727 


4.9 

I A 

4,2 

A 

41 

9.66 706 

9.71 986 

10.2S014 

9.94 720 

■CT 

o 

f 0.0 

1 ft 1 

*1 A 

42 

9.66 731 

9.72 017 

10.27983 

9.94 714 


i D.O 

O.TE 

43 

9.66 755 

9.72 04S 

10.27952 

9.94 707 




44 

9.66 779 

9.72 078 

10.27922 

9.94700 



45 

9.66 803 

9.72 109 

10.27891 

9.94 691 

JT’TTOyfm t/3i^ 

fOPiT 

46 

9.06 827 

9.72 140 

10.27 860 

9.94 6n7 

For2?*"-c 

)r2ty?®' 


9.66 S51 

9.72 170 

10.27830 

9.94 680 

read as printed j fr 

49 

9.66 875 

9.66 899 

9.72 201 
9.72 231 

10.27799 

10.27769 

9.94 674 

9.94 067 

117=^^or297^%rea 

50 

9.66 922 

9.72 262 

10.27 738 

9.94 660 

co-functioa. 

51 

9.66 946 

9.72 293 

10.27707 

9.94 654 




52 

5: 

9.66 970 
9.66 994 

9.72 323 
9.72 354 

10.27677 
10.27 64G 

9.94 647 

9.94 640 

Fr&m the 

■Mdtom : 

54 

9.67 OIS 

9.72 3S4 

10.27616 

9.94 634 

For 62®- or 242^ 

55 

9.67 042 

9.72 415 

10.27585 

9.94 627 

read as urinted: f<: 

56 

9.67 066 

9.72 445 

10.27555 

9.94 620 

i5sr- 



9.67 090 

9.72 476 

10.27524 

9.94 614 


t * ■ 


9.67 113 

9,72 506 

10.27494 

9.94 607 

cO"f unction 


|59 

9.67 137 

9.72 537 

Z0.27463 

9.94 600 




[60 

9.67 161 

9.72 567 

10.27433 

9.94 593 





LCos 1 1 

1 h Ctn c 

d L Tan 

LSin Id 

Prop-Pts. 


62® — Logarithms of Trigonometric Functions 



2S'' — Logarithms of Trigonometric Fimctioas 


LTan led] L Ctn 


9.67 IGl 

9.67 1S5 

9.67 208 
9-67 232 

9.67 256 

9.67 280 

9.67 303 
7 9.67 327 
S 9.67 350 
9 9.67 374 

10 9.67 39S 

11 9.67 421 

12 9.67 445 

13 9.07 468 

14 9.67 492 

15 9.6^ olo 

16 9.67 539 

17 9.67 562 

18 9.67 586 

19 9.67 609 

20 9.67 633 

21 9.67 C56 

22 9.67 6S0 

23 9.67 703 

24 9.67 726 

25 9.67 750 

26 9.67 773 

27 9.67 796 

28 9.67 820 

29 9.67 843 

30 9.67 866 

31 9.67 890 

32 9.67 913 

33 9.67 936 

34 9.67 959 

35 9.67 982 

36 9.6S006 

37 9,68 029 

38 9.6S052 

39 9.68 075 

40 9.68 098 

41 9.68121 

42 9.6S144 

43 9.68 167 

44 9.6S190 

45 9.68 213 

46 9.68 237 

47 9.68 260 

48 9.68 283 

49 9.68 305 

50 9.68 328 

51 9.68 351 

52 9.68 374 
33 9.68 397 

54 9.68 420 

55 9.68 443 

56 9.68 466 

57 9.68 489 

58 9.68 512 

59 9.68 534 

60 9.68 557 


9.72 567 
9.72 598 
9.72 628 
9.72 659 
9.72 689 
9.72 720 
9.72 750 
9.72 780 
9.72 811 
9.72 841 
9.72 872 
9.72 902 
9.72 932 
9.72 963 

9.72 993 

9.73 023 
9.73 054 
9.73 0S4 
9.73114 
9.73 144 ; 
9.73 175 j 
9.73 205 I 
9.73 235 
9.73 205 
9.73 295 
9.73 326 
9.73 356 
9.73 386 
9.73 416 
9.73 446 
9.73 476 
9.73 507 
9.73 537 
9.73 567 
9.73 597 
9.73 627 
9.73 657 
9.73 687 
9.73 717 
9.73 747 
9.73 777 
9.73 807 
9.73 837 
9.73 867 
9.73 897 
9.73 927 
9.73 957 

9.73 987 

9.74 017 
9.74 047 
9.74 077 
9.74 107 
9.74 137 
9.74 166 
9.74 196 
9.74 226 

9.74 256 

9.74 286 

9.74 316 
9.74 345 


10.27433 
10.27402 
?? 10.27 372 
^ 10.27341 
^ 10.27311 
10.27280 
^ 10.27250 
10.27220 
II 10.27189 
10.27159 
10.27 128 
JO 10.27098 
J? 10.27068 
Ji 10.27037 
^ 10.27007 
"r 10.26 977 
Ji 10.26946 
J9 10.26 916 

J9 10.26886 

?0 10.26856 
^ 10.26 825 
fO 10.26795 
JO 10.26 765 
J? 10.26735 
30 10.26705 
J; 10.26674 
JO 10.26644 
JO 10.26 614 
JO 10.26 584 
^ 10.26554 
10.26524 
Ji 10.26493 
JO 10.26463 
JO 10.26433 
30 10.26403 
10.26373 
JO 10.26343 
JO 10.26 313 
JX 10.26283 
^ 10.26253 
10.26 223 I 
JO 10.36193! 
JO 10.26163 
JO 10.26133 
30 10.26103 
_ 10.26073 
JO 10.26043 
JO 10.26013 
JO 10.25983 
JO 10.25953 
_ 10.25 923 
JO 10.25 893 
JX 10.25863 
JX 10.25 834 
JO 10.25 804 
° 10.25 774 
JO 10.25 744 
J9 10.25714 
JX 10.25684 
II 10.25 655 
10.25625 


c d L Tan 


9.94593 
9.94 587 
9.94 580 
9.94573 
9.94567 
9.94 560 
9.94 553 
9.94 546 
9.94540 
9,94533 
9.94526 
9.94519 
9.94513 
9.94506 
9.94499 
9.94492 
9.94485 
9.94479 
9.94472 
9.94465 
9.94458 
9.94451 
9.94 445 
9.94438 
9.94431 
9.94424 
9.94417 
9.94410 
9.94404 
9.94397 
9.94390 
9.94 383 
9.94376 
9.94369 
9.94362 
9.94 355 
9.94 349 
9.94 343 
9.94335 
9.94 328 
9.94 321 

9.94 314 
9.94307 
9.94300 

9.94 293 

9.94 286 
9.94279 
9.94273 , 
9.94 266 i 
9.94259! 
9.942521 
9.94 245 I 
9.94238 
9.94 231 i 
9.94224 
9.942171 
9,94210 i 
9.94203 
9.94 196 j 
9.94 189 
9.94 182 




31 

2 6.2 

3 9.3 

4 12.4 12.0 

5 15.5 15.0 
5 18.6 IS.O 

7 21.7 21.0 

8 24.8 24.0 

9 27.9 

29 

2 5,8 

3 8.7 

4 11.6 

5 14.0 12.0 

6 17.4 14.4 

7 20.3 16.S 

8 23.2 19.2 

9 26.1 21.6 

23 22 

2 4.6 4.4 

3 6.9 6.6 

4 9.2 8.8 

5 11.5 11.0 

6 13.8 13.2 

7 16.1 15,4 

8 18.4 17.6 

9 20.7 19.8 



From the top: 

For28®+or2(»»+. 
read as printed; for 
118°+ or298^. read 
co-function. 

From the bottom: 

For61°+or241°+, 
read as printed; for 
151°+ or 331°+ read 
co-functioBu 


61 — Logarithms of Trigonometric Functions 














Ul] ^ — Logarithms of Trigoaometiic FuoctioaB 


LSin 1 d LTan cd L Ctn Lt oes d 


Prop. Pte- 


9.1*S 357 ■ 
y.ti5 5SU 

9.65 G03 
IKGs 625 

9.65 648 

9.65 67 i 

11.68 694 

9.68 716 

9.68 739 

9.68 762 
9.68 784 

9.65 807 

9.65 829 
9.68 S52 
9.08 873 
9.68 S97 
9.68 920 
9.68 942 
9.6S 965 

9.68 987 %- 

9.69 010 I 
9.69 032 
9.69 055 
9.69 077 
9.69 100 -I 
9.69 122 ;; 
9.G9 144 - 
9.69 167 
9.69 189 
9.69 212 
9.69 234 
9.69 256 Pi 
9.69 279 p 
9.69 301 - 
9.69 323 - 
9.69 345 
9.69 36S 
9.69 390 
9.69 412 
9.69 434 
9.69 456 _ 
9.69 479 
9.69 501 
9.69 523 
9.69 545 
9.69 567 
9.69 589 
9.69 611 
9.69 633 
9.69 655 
9.69 677 
9.69 699 
9.69 721 
9.69 743 
9.69 765 
9.69 787 
9.69 80< 

37 9.69 83L 

58 9.69 853 

59 9.69 87^ 

60 9.69 897 


9.74 375 

9.74 403 

9.74 435 

9.74 463 

9.74 494 

9.74 524 

9.74 554 

9.74 583 

9.74 613 

9.74 643 

9.74 673 

9.74 702 

9.74 732 

9.74 762 

9.74 791 

9.74 821 

9.74 851 

9.74 880 

9.74 910 

9.74 939 

9.74 969 

9.74 998 

9.75 02S 

9.75 058 

9.75 087 

9.75 117 

9.75 140 

9.75 176 

9.75 205 

9.75 235 

9.75 264 

9.75 294 

9.75 323 

9.75 Sof: 

9.75 382 

9.75 41 

9.75 44 

9.75 47. 

9.75 50( 

9.75 52 
9.75 5oi 

9.75 5Si 

9.75 61 

9.75 64 

9.75 67< 

9.75 70i 

9.75 73c 

9.75 764 

9.75 79 

9.75 82i 

9.75 85 

9.75 88 

9.75 91 

9.75 93 

9.75 96 

9.75 99 

9.76 02' 

9.76 05 

9.76 OS 

9.76 11 

9.76 1 

.Ct 


0.2o 62o 
.I.23 303 
623363 
0.23 333 
.0.23 306 
0.25 476 
J.23 446 
.0.23 417 
0.23 3'^T 
.0.23 337 
0.23 327 
.0.23 20 n 
0.25 26-^ 
10.25 23n 
.0.23 209 
.0.25 179 

10.23 149 
.0.23 120 
L0.23 09U 
:0.23 061 
.0.25 031 
.0.23 002 

10.24 972 

10.24 942 
10.24913 

10.24 883 

10.24 834 

10.24 824 

10.24 793 
10.24763 
10.24736 

10.24 7(.H> 

10.24 677 
10.24647 

10.24 618 

10.24 589 

10.24 359 

10.24 530 

10.24 500 
10.24471 
10.24442 

10.24 412 

10.24 383 

10.24 353 
10.24324 

10.24 295 

10.24 265 
10.24236 

10.24 207 

10.24 178 

10.24 148 
10.24119 
10.24090 

10.24 061 
10.24031 
10-24002 
10.23973 
10.23944 
10.23914 
10.23885 
10.23856 

LTaa 


9.94 

9.94 173 [ 

9.94 16'' j 
9.94 161 I 
9.94 131 i 
9.94 147 I 

9.94 146; 
9.94 133 
9.94 12t; 
9.94 119 
9.94 112 
9.94 lu3 
9.94 
9.94 U'« 5 
9.94 
9.94 076 
9.94 IM:.9 
9.94 062 
9.94 033 

9.94 04 H 

9.94 041 

9.94 034 
9.94 027 
9.94 020 
9.94012 
9.94 00,7 
9.93 

9.93 901 ; 
9.93 984 
9.93977 
9.93970 
9.93 OtKi 
9.93933 
9.93 948 
9.93941 
9.93 934 
9.93 027 
9.93 92€» 
9.93912 
9.93903 
9.93 898 
9.93 801 
9.93 884 
9.93876 
9.93 S69 
9.93 862 
9.93 833 
9.93 847 
9.93 840 
9.93 833 
9.93826 
9.93 819 
9.93 811 
9.93 S04 
9.93 797 

9.93 7S9 

9.93 782 
9.93775 

9.93 76S 
9.93760 
9.93 753 

1 LSin 



m 

29 


6.H 

5.-S 


9 n 

H 7 


12 H 

11,6 


13 

14 3 


21.U 

17.4 

2u,,l 


2 4.U ^ 

-* * t 

23 2 
20 1 

? 

23 i 

22 

' 

4.6 i 

4.4 

2 . 

6.0 

tj 6 

4 ; 

0 2 

V .H 

3 

11.5 

11 1l 

^ \ 

l'i> 

tij 

7 ' 

16 I 

1.7 1 


1^.4 

17. 6 

0 i 

2»"i,7 

10 



7 

2 

, 1,6 

L4 

3 

! J.4 

2.1 


' 3.2 

2,8 


4.0 

3 3 


4..^ 

4,2 


3.G 

4.9 


6 4 

3,6 


Frvm tap: 

For29®-or20»® 
read as printed; 
119«-or299“%read 
cO“fanctiaa. 

From hdiom: 

For 60®^ or ^CP- 
read as print etl; for 
150® or 330®% read 
eo-fuacdon. 


,Ct LTaa I LSin frop. Pte. 

<rf 'niscmoiiietric Fimctuma 



76 


30*^ 


10 
11 
11 

13 

14 

15 

16 
1 

IS 
19 

21 
oo 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 
3S 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 
61 

52 

53 

54 
,55 
156 

57 

58 

59 

60 


9.69 897} _ 
9.69 919 22 
9.69 941 

9.69 963 
9.G9 9S4 

-.'0 006 

9.70 028 
9.70 050 
9.70 072 
“ ■’0 093 
9.70 115 
9.70 137 
9.70 159 

9.70 ISO 

9.70 202 

9.70 224 
9.70 245 
9.70 267 
9.70 2SS 
9.70 310 
9.70 332 
9.70 353 
9.70 375 
9.70 396 
9.70 418 
9.70 439 
9.70 461 
9.70 482 
9.70 504 
9.70 525 
9.70 547 
9.70 568 
9.70 590 
9.70 611 
9.70 633 
9.70 654 
9.70 675 
9.70 697 
9.70 718 
9.70 739 
9.70 761 
9.70 782 
9.70 803 
9.70 824 
9.70 846 
9.70 867 
9.70888 
9.70 909 
9.70 931 
9.70 952 
9.70 973 

9.70 994 

9.71 015 
9.71 036 
9.71 058 
9.71 079 
9.71 100 
9.71 121 
9.71 142 
9.71 163 
9.71 184 ' 


- Logarithms of Trigonometric Ponctions 

LTan i cd [ L Ctn I L C^T Td 

w 10.23 856 9.93 753 
^ ?-?3 746 


9-6^31 S i0.23 79S 9.93 711 

®-Z®390 10.23 710 9.93717 

M 10-23 681 9.93709 
4 JS-S0 652 9.93 702 
q-lfAi 4 J2-H023 9.93 695 
9./ 6 406 ^ 10.23594 9.93 687 

4 10-23 565 9.93 680 
q-aIoq S JO-23 536 9.93 673 
9-r|.m ^ JH?007 9.93 665 
Q-t57? 4 J0.23 478 9.93 658 
9-‘0o51 ^ 10.23449 9.93650 

9 . 76 io 9 « 

I;li62l 31 

5 J0.23 332 9.93 621 
9., 6 69. » 10.23 303 9.93 614 

H5Z?f 4 JO-23 275 9.93 606 
29 JO-H^^O 9.93 599 
y. 76 783 10.23 217 Q 

sijf i si sli 

III k !s|!» SIS!,- 
•Ill i KSI l-lifgl? 

9.4 6 986 10.23 014 9.93 539 

Qrlnif ^ 9.93532 

Q77nrt S I2*2??56 9.93525 


977 X?? 29 ^^*22 956 9.93525 
yw7 073 ^ 10.22 927 
9.77 im - 10.22 899 9.93 510 


h Cos 


^9 ,^^^-22 899 9.93 510 
9./ 7 130 10.22870 9.93502 

9 77?S« i 9.93 495 

y./7 ISS 10.22 81 *> Qq^.iqt 

S 10.22785 9 . 93 lio 

977 §74 ^ 9.93 472 

9”^^^ 29 10.22 726 9.93465 
1-11203 J0.22697 9.93457 

Q7rtl?l^ J0.22 668 9.93450 
H^|8l|^ }0.220S9 9.93442 
y. 77 390 ^ 10.22610 

9.77418 g 10.55582 I.93II7 

9 77^6 M J2-2?®80 9.93420 
q77tnf ^ 10.22524 9.93412 
9 77^§f 28 9.93405 

Q77 ?a? *>9 10-22467 9.93 397 
29 10.22 438 9.93 390 
9'77fi?Q 28 10-22409 9.93 382 
9 77 file S 9.93 375 

9 77 877 S 9.93 367 

l9 77 7nfi 29 9.93 360 

y.77 706 I 10.22294 9.93 352 

9 77 763 29 9.93 344 

9 77 70? S 9.93 337 

9 77S?n 29 9.93329 

9 77si2 2I 9.93 322 

nil. 28 10.22151 9.93314, 
£:IL§?7 10.22123 9.9.3 


28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 


30 

6.0 

9.0 

12.0 

15.0 

15.0 

21.0 

24.0 

27.0 


29 

5,8 

8.7 

11.6 

14.5 

17.4 

20.3 

23.2 

26.1 


28 22 
5.6 44 
S.4 6.6 

11*2 8.8 
14.0 11.0 

16.8 13.2 
19.6 15.4 

22.4 17.6 
25.2 19.8 

21 

4.2 1.6 

6.3 2.4 

8.4 3.2 

10.5 4.0 

12.6 4.8 

14.7 5.6 

16.8 6.4 

18.9 I 7.2 


7 

1.4 
2.1 
2.8 

3.5 

4.2 
4.9 

5.6 

6.3 


F rom the top: 

For30°+or210®-» 
w -J , read as printed; foj 
7 ij‘l20^+or300°+ reac 
■ 40 co-function. 


From the bottom: 
For 59°+ or 239®-!- 
read as printed; foi 

149°+ or 329°+ read 

co-function. 


_.LCtii led! J, Tan I LSfa ITI 

of Trigonometric FonctionT 



Ill" 31"^ — Lc^arithms of Trigonometric Fimctions 


' 1 

h Silt 

LTan cd 

LCtn 

LCos id 

Prop. Fta 


.t.71 1>4 

9.77 877 

1'1.22 12.3 

9.93 307 




.«.7i 2', '5 

9.77 9UG 

1^.22 094 

9.93 2t^;i 




71 22*} ! 

:^.77 935 

10.22 065 

9.93 291 




9.71 247 ' 

t.77 9f}3 

10,22 1)37 

9.93 2K4 



4 

9.71 2GS 

9.77 992 

10,22 tHjS 

9.93 276 



5 

9.71 2>9 

9.7S 020 

10.21 9^0 

9.93 269 

29 

2S 

r? 

9.71 310 

9.T^ U49 

0>,21 051 

9.93 2ro. 



7 

1 331 

9.7 > 077 

10.21 023 

9.93 253 


v,4 


9.7i 352 

9,7S 106 

10.21 s\n 

9.93 216 

4 ILG 

5 14 5 


9.71 373 

9.7S 135 

10.21 J>t;t5 

9.93 23> 

14 

10 

9.71 393 

9.7S 163 

10.21 S37 

9.93 230 

G 17.4 

i6,.S 

M 

9.71 414 

9.7S 192 

10.21 8i)> 

9.93 223 

7 • 20.3 

19.6 

■« 

9.71 435 

0.78 220 

10.21 7nO 

0.93 215 

8 j 23.2 

22 1 

13 

9.71 450 

9.7S 249 

10.21751 

9.03 2«>7 

9 * 26.1 

25.2 

14 

9.71 477 

0-7S 277 

10.21 723 

9.03 2«Cj 



15 

9.71 49S 

Q.7S 306 

10.21 694 

9.93 102 



It} 

9.71 519 

0.7S 334 

10.21 666 

9.93 ls4 

21 

20 

17 

9.71 539 

9.7S 303 

10.21 637 

9.03 177 

IS 

9.71 500 

9.7$ 391 

10.21 609 

9.93 169 

4.2 

4.0 

19 

9.71 5Si 

9.7S419 

10.21 5n1 

9.93 161 

6.3 

10.5 

12.6 
14.7 
16.'' 
18.9 

6 sj 

20 

0,71 602 

9.78 44S 

10.21 552 

9.03 154 

8.0 

12.0 

14.0 
16-0 

18.0 

21 

9.71 022 

9.78 470 

10.21 524 

9.93 116 

02 

9.71 643 

9.7S 505 

10.21 495 

9.93 13>. 

23 

9.71 G04 

9.7S 533 

10.21467 

9.03 131 

24 

9.71 6S5 

9.7S562 

10.21438 

9.93 123 

25 

9.71 705 

9.7S 590 

10.21410 

9.93 115 



20 

9.71 720 

9. 78 618 

10.21 382 

9.93 iU8 



27 

9.71 747 

9.7S 647 

10.21 353 

9.03 IDO 

i 8 


2S 

9.71 767 

9.7S 675 

10.21 325 

9.93092 

7 

29 

9.71 7SS 

9.7S 704 

10.21 296 

9.93 084 

2 ■ 1.6 

L4 

30 

9.71 S09 

9.7S 732 

10.21 26S 

9.93077 

3 , 2.4 

2.1 

31 

9.71 S29 

9.78 760 

10.21 240 

9.03069 

4 ' 3.2 

2.S 

32 

9.71 S50 

9.7S 7S9 

10.21 211 

9.93061 

o , 4.0 

3.5 

33 

9.71 S70 

0.7S S17 

10.21 1.83 

9.93053 

6 j 4.8 

4t2 

34 

9.71 S91 

9.7$ S45 

10.21 155 

9.93 046 

7 5.6 ' 
Sj6.4' 
9 i 7.2 : 

4.9 

|35 

9.71 911 

9.78 874 

10.21 126 

9.93038 

5.6 

6.3 

Iso 

9.71 932 

9.7S 902 

10.21 09S 

9.93030 

1 37 

9,71 952 

9.7S 930 

10.21 070 

9.93022 



3S 

9.71 973 

9.7S 959 

10.21 041 

9.93014 



39 

'1994 

9.78 987 

10.21013 

9.93007 



40 

9.72 014 

9.79 015 

10.20985 

9.92999 



4i 

9.72 034 

9.79 043 

10.20 957 

9.92991 



42 

9.72 055 

9.79 072 

10.20 92S 

9.92983 

From the top: 

43 

9.72 075 

9.79 100 

10.20900 

9.92976 

For31**nr2ir 

44 

9.72 096 

9.79 128 

10.20872 

9.92 968 

45 

9.72 116 

9.79 156 

10.20844 

9.92960 

read as print ei; 6 

46 

9,72 137 

9.79 185 

10.20815 

9.92 952 


4’ 

9.72 157 

9.79 213 

10.20787 

9.92 944 

eo-functicin. 

4S 

9.72 177 

9.79 241 

10.20759 

9.92936 



49 

9.73 19S 

9.79 269 

10.20731 

9.92929 

From th€ 

50 

9.72 218 

9.79 297 

10.20703 

9.92921 

51 

9.72 23S 

9.79 326 

10.20674 

9.92 913 

For Sr* or 238^ 

52 

9.72 259 

9.79 354 

10.20 646 

9.92 905 

read as printesi; ^ 

53 

9.72 279 

9.79 3S2 

10.20 61S 

9.92 897 


54 

9.72 299 

9.79 410 

10.20590 

9.92 S89 

55 

9.72 320 

9.79 438 

10.20562 

9.92 SSI 

co-fimction. 

56 

9.72 340 

9.79 466 

10.20534 

9.92 874 



57 

9.72 360 

9,79 495 

10.20505 

9.92 866 



5S 

9.72 381 

9.79 523 

10.204’ 

9,92858 



59 

9.72 401 

9.79 551 

10.20449 

9,92 850 



GO 

9.72 421 

9.79 579 

10.20421 

9.92 842 




LCos 1 

d LCttt ted 

L Tan 

LSin 

Prop-Pte- 


nn*4rrAnmimi>trir PllTirtlOnS 



• Logarithms of Trigonometric Functions f 
L Tan I c d [ L Ctn j L Cos I d I j Prop. Pts.~ 


0 9.72 421 

1 9.72 441 20 

2 9.72 461 

3 9.72 4S2 

4 9.72 502 -9 

5 9.72 522 

6 9.72 542 ^ 

7 9.72 562 
S 9.72 5S2 

9 9.72 602 f 

10 9.72 622 ' 

11 9.72 643 21 

12 9,72 663 

13 9.72 6S3 20 

14 9.72 703 

15 9.72 723 

16 9.72 743 

17 9.72763 

IS 9.72 783 ^ 

19 9.72 803 ^ 

20 9.72 823 

21 9.72 843 ^ 

22 9.72 863 ^ 

23 9.72 8S3 

24 9.72 902 J® 
26 9.72 922 ' 

26 9.72 942 J® 

27 9.72 962 7° 

28 9.72 982 ^ 

29 9.73 002 ^ 

30 9.73 022 

31 9.73 041 

32 9.73 061 20 

33 9.73 081 20 

34 9.73 101 20 

35 9.73 121 “ 

36 9,73 140 

37 9.73 160 7° 

38 9.73 180 7^ 

39 9.73 200 20 

40 9.73 219 „ 

41 9.73 239 20 

42 9.73 259 fO 

43 9.73 278 H 

44 9.73 298 

45 9.73 318 

46 9.73 337 H 

47 9.73 357 ^ 

48 9.73 377 

49 9.73 396 

50 9.73 416 

51 9.73 435 

52 9.73 455 f? 

53 9.73 474 H 

54 9.73 494 20 

55 9.73 513 ^ 

56 9.73 533 7° 

57 9.73 552 

58 9.73 572 

59 9.73 591 f 

60 9.73 611 


9.79 579 „ 

9.79 607 2S 

9.79 635 

9.79 663 “I 

9.79 691 

9.79 719 ; 

9.79 747 

9.79 776 

9.79 804 'I 

9.79 832 28 

9.79 860 _ 

9.79 8S8 28 

9.79 916 

9.79 944 

9.79 972 
0.80 000 “ 

9.S0 028 28 i 

9.80 056 

9.80 084 28 
9.80112 28 

9.80140 ‘ 
9.80168 28 

9.80 195 2^ 

9.80 223 

9.80 251 28 

9.80 279 .. 

9.80 307 28 

9.80 335 28 

9.80 363 28 

9.80 391 28 

9.80 419 “ 

9.80 447 28 

9.S0 474 

9.80 502 28 

9.80 530 28 

9.80 658 _ 

9.80 586 28 

9.80 614 28 

9.80 642 1 28 

9.80 669 

9.80 697 „ 

9.80 725 28 
9.80753 23 

9.80 781 ?! 

9.80 808 f 

9.80 836 

9.S0 864 28 

19.80 892 

9.80 919 ll 

9.80 947 28 

9.80 975 
9.81003 ?! 
9.S1030 ?4 
9.81058 ?! 
9.81086 28 

9.81113 
9.81141 28 
9.81169 ?! 
9.81196 % 
9.81224 ?! 
9.81252 


10.20421 
10.20393 
10.20365 
10.20337 
10.20309 
10.20281 
10.20253 
10.20 224 
10.20 196 
10.20 168 
10.20 140 
10.20112 
10.20 084: 
10.20056 i 
10.200281 
10.20 000 I 

; 10.199721 
10.199441 
10.19 916 i 
10.19 888 1 
iai9860! 
10.19 832 
10.19805 
10.19777 

10.19 749 

10.19 721 

10.19 693 
10.19 665 

10.19 637 

10.19 609 
10.19581 
10.19553 
10.19526 
10,19498 
10.19470 
10.19442 
10.19414 

I 10.19386 
10.19358 
1 10.19331 
1 10.19303 

10.19 275 
10.19 247 
10.19 219 
10.19 192 
10.19 164 
10-19 136 
10.19 108 
10.19081 
10,19053 
10.19025 
10.18997 
10-18970 
10.18942 
10.18914 
10.18887 
10.18859 
10.18831 
10.18804 
10.18776 
10.18748 


19.92 842 ^ ( 

9.92 834 f ; 

s 9.92826 ! J 
19.92818 ! J 
9.92810 ! ; 

9.92 803 1 i 
9.92795 ! . 

9.93 787 f ; 
9.92779 ! , 
9.92771 ! , 

9.92 763 I i 

9.92 755 ! 

9.92 747 ! 
9.92739 ! 
9.92731 
9.92723 ^ 
9.92715 f 
9.92707 f 
9.92699, ! 
9.92691 ' ® ! 
9.92683 
9.92675 

9.92 667 

9.92 659 

9.92 651 

9.92 643 
9,92635 
9.92627 - 

9.92 619 ! 

9.92 611 I 

9.92 603 I : 
9.93595 f 
9.93587 ! 
9.92579 ! 
9.92571 I 
9.92563 I : 
9.92555 ! 
9.92546 I 
9.92538 ! 
9.92530 I 
9.92522 I 
9.92514 ! 
9.92506 ! 

,9.92498 ! 
9,92490 ! 
*9.92482 : 
9.92473 I 

9.92 465 ! 

9.92 457 f 
9,92449 ! 
9.92441 
9.92433 
9.92425 ? 
9.92416 ! 
9.92408 I 
9.92400 I 
9.92392 I 
9.92384 ! 
9.92376 ! 
9.92367 I 
9.92359 


L Sin I d 


5,8 5.6 

S.7 8.4 

il.6 11.2 
14.5 14.0 
17.4 1G.S 
20.3 19.6 
23.2 22.4 
26.1 25.2 


27 21 

5.4 4.2 
8.1 6.3 
10.8 8.4 
- 13.5 10.5 
6 16.2 12.0 
" 18,9 14.7 
21.6 16.8 
24.3 18.9 


4.0 3.8 

6.0 5.7 

8.0 7.6 

10.0 9.5 

12.0 11.4 

14.0 13.3 

16.0 15.2 

18.0 17.1 


1.8 1.6 1.4 
2.7 2.4 2.1 
3.6 3.2 2.8 
4.5 4.0 3.5 
5.4 4.8 4.2 
6.3 5.6 4.9 

7.2 6.4 5.6 

8.117.2 6.3 


From the top: 

14 For 32®+ or 212^, 

read as printed; for 
122®+ or 302®+, read 
•jjQ co-function. 

9 

8 

7 From the hottom: 

6 ror57®+or237®+ 

^ read as printed; for 
3 147®+ or327®+ read 
2 co-function. 1 

1 ’ 


Prop. Pts- 


57° — Logarithms of Trigonometric FimrHuno 




Ill 


79 


33 ® — Logarithms of Trigonometrie Fimctioiis 

hSin L Tan cd L Ctn j L Ccm* d Prop. Fts, 


9.T3 6il 
‘J.73 G3i) 
9.73 650 
9.73 6G9 
9.73 65^9 
9.73 70S 
9.73 727 
9.73 747 

9.73 760 

9.73 785 
XO 9.73 SCio 

11 9.73 524 

12 9.73 843 

13 9,73 863 

14 9.73 SS2 

15 9.73 901 

16 9.73 921 

17 9.73 940 
IS 9.73 959 

19 9.73 97S 

20 9.73 997 

21 9.74 017 

22 9.74 036 

23 9.74 055 

24 9.74 074 

25 9.74 093 

26 9.74 113 

27 9.74 132 
2S 9.74 151 

29 9.74 170 

30 9.74 1S9 

31 9.74 208 

32 9.74 227 

33 9.74 246 

34 9.74 265 

35 9.74 2S4 

36 9.74 303 

37 9-74 322 
3S 9-74 341 

39 9.74 360 

40 9.74 379 

41 9.74 39S 

42 9.74417 

43 9.74 436 

44 9.74 455 

45 9.74 474 

46 9.74 493 

47 9.74 512 

48 9.74 531 

49 9.74 549 

50 9.74 568 

51 9.74 5S7 

52 9.74 606 

53 9.74 625 

54 9.74 644 

55 9.74 662 

56 9.74 681 

57 9.74 700 

58 9.74 719 

59 9.74 737 

60 9.74 756 


19 

20 

19 

20 
19 

19 

20 
29 

19 

20 
19 

19 

20 
19 

19 

20 
19 
19 
19 

19 

20 
19 
19 
19 

19 

20 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
IS 
19 
19 
19 
19 
19 
IS 
19 
19 
19 
IS 
19 


LCos I d 


O.Sl 252 
9-81 279 

9.51 307 
9.81 335 
9.81 362 

9.51 390 
l681 418 
9.81 445 
9.81 473 
9.81 500 
9.81 52S 
9.81 556 
9.81 

9.81 611 
9.81 638 
9-S1G66 
9.81 693 

9.81 721 

9.81 748 
9.S1 776 

9.81 803 
9.S1S31 
9.S1 858 

9.81 886 

9.51 913 
9.81 941 
9.81 968 

9.81 996 

9.82 023 

9.82 051 
9.82 078 
9.82 106 
9.82 133 
9.82 161 
9.82 188 
9.82 215 
9.82 243 
9.82 270 

9.52 298 

9.82 325 
9.82 352 
9.82 380 
9.S2 407 
9.S2 435 
9.82 402 
9.82 4S9 
9.S2 517 
9.82 544 
9.82 571 
9.82 599 
9.82 626 
9.82 653 
9.82 681 
9.82 70S 
9.S2 735 
9.82 762 
9.82 790 
9.82 817 
9-82 844 
9.82 871 
9.82 899 

L Ctn i cd 


i0.1>7Jl 

Hi. 1 s ui j5 U 3.4 ” 
10.1>b3> *2 320 

lO.lhGUi 9.92 31 S 
10.155 5^2 9.92 319 
10. lb 555 9.92 3t >2 
i0.1b527 9.92 293 
10.18590 9.92 2S5 
10.1 S 472 0.92 277 
lU.lb444 9.02 289 
10.18417 9.02 26u 

10.18 3b9 9.02 252 

10. 18 302 9.92 2 14 

10.18 334 9.<I22.35 
10.18307 9.92 227 
10.18279 9.92 219 
10.18252 9.92 211 

10.18 224 9.92202 
10.18197 9.92194 
10.18169 9.92 186 
10.18142 9.92177 
10.18114 9.92 169 
10.18087 9.92161 
10.18059 9.92152 

10.18 032 9.92144 
10.18004 9.92136 
10.17977 9.92127 

10.17 949 9.92119 
10.17922 9.92111 

10.17 894 9.92 102 

10.17 807 9.92094 

10.17 839 9.92 OSt; 

10.17 812 9.92 077 

10.17 785 9.92 m’.9 
10.17757 9.92060 

10.17 730 9.92 052 

10.17 702 9.92 044 
10.17675 9.92035 

10.17 64S 9.92027 

10.17 620 9.92 018 

10.17 593 9.92 010 
10.17565 9.92002 
10.17538 9.91993 
10.17511 9.91 9S5 
10.17483 9.91976 
10.17456 9.91968 
10.17429 9.91959 
10.17401 9,91951 
10.17374 9.91942 

10.17 347 9.91934 
10.17319 9.91925 
10.17292 9.91917 
10.17265 9.91 90S 
10.17238 9.91900 
10.17210 9.91891 
10.17183 9.91883 
10,17156 9.91 874 
10.17129 9.91866 
10.17101 9.91857 

L Tan L Sin f d 


28 27 

5.6 5.4 

K4 8.1 
11.2 10.8 
liM 1:1.5 
16.8 16.2 

10.6 18.9 

22.4 21.6 
24.3 


I 20 I 19 

2 4 .A.f I 3.8 

3 : 8.11 5.7 

4 : 8 .H 7.6 

5 i 10.6 9.5 

6 i 12.01 11.4 

7 . 14.0 1 1321 

8 : 16.6 l.’ 5.2 

9 j 18.0 hr.i 

18 9 

3.6 LH 
5.4 2.7 
4 7.2 3.6 

5 ; 9.0 4,5 

6 hi,s 5.4 

7 : 12.6 6.3 

8 : 14.4 7.2 

9 : 16.2 S.l 


8 

1,6 

3 j 2.4 

4 ! 3,2 
5: 4,0 



From the t. pT 
FoT33®^or2ir% 
read as printed ■; fur 
123^ ^ or 30(3*% read 
co-function. 


From the bottom: 

For 56®^ or 236*- 

read as printed; for 
146=* or 336*% read 
C4>-function. 


Prop. Pts, 


aRo — T^mrari thms of Trisfimoiii^c Fimctioiis 



so 


34® — Logarithms of Trigonometric Functions 


[III 



L Sin 

d L Tan 

led 

L Ctn 

L Cos ! d 



9.74 75G 

9.82 899 


10.17101 

9.91 857 

60 


9,74 775 

9.S2 926 


10.17 074 

9.91 849 

59 


9.74 794 

9.82 953 


10.1704' 

9-91 840 

58 


9.74 812 

9.S2 980 


10.17020 

9.91 832 

57 


9.74 S31 

9.S3 OOS 


10.16992 

9.91823 

56 


9.74 850 

9.83 035 


10.16 9G. 

9.91 SI 

55 


9.74 SOS 

9.83 062 


10.16 938 

9.91 806 

54 


9.74 SS7 

9.S3 0S9 


10.16 911 

9.91 79S 

53 


9.74 906 

9.S3 11 


10.16 SS3 

9.91 7S9 

52 


9.74 924 

9.83 144 


10.16 856 

9.91 781 

51 

10 

9.74 943 

9.S3 171 


10.16 829 

9.91 772 

50 

11 

9.74 961 

9.S3 198 


10.16 S02 

9.91 763 

49 

12 

9.74 9S0 

9.83 225 


10.16 775 

9.91 755 

48 

13 

9.74 999 

9.S3 252 


10.16 748 

9.91 746 

47 

14 

9.75 017 

9.S3 280 


10.16 720 

9.91 73S 

46 

15 

9.75 036 

9,83 307 


10.16 693 

9.91 729 

45 

16 

9.75 054 

9.S3 334 


10.16 666 

9.91720 

44 

17 

9.75 073 

9.83 361 


10.16 639 

9.91712 

43 

IS 

9.75 091 

9.S3 388 


10.16 612 

9.91703 

42 

19 

9.75 110 

9,83 415 


10.16585 

9.91 695 

41 

20 

9.75 128 

9.83 442 


10.16558 

9.91 686 

40 

21 

9.75 147 

9.83 470 


10.16530 

9.91677 

39 

oo 

9,75 165 

9.83497 


10.16503 

9.91 669 

38 

23 

9.75 1S4 

9.83 524 


10.16476 

9.91 660 

37 

24 

9,75 202 

9.S3 551 


10.16449 

9.91 651 

36 

25 

9.75 221 

9.83 578 


10.16422 

9.91 643 

35 

26 

9.75 239 

9.83 605 


10.16395 

9.91 634 

34 

27 

9.75 258 

9.83 632 


10.16368 

9.91 625 

33 

28 

9,75 276 

9.83 659 


10.16341 

9.91617 

32 

29 

9.75 294 

9.83 6S6 


10.16 314 

9.91 608 

31 

30 

9.75 313 

9.83 713 


10.16287 

9.91 599 

30 

31 

9.75 331 

9.83 740 


10.16260 

9.91 591 

29 

32 

9.75 350 

9.83 768 


10.16232 

9.91 582 

28 

36 

9.75 368 

9.83 795 


10.16 205 

9.91 573 

27 

34 

9.75 386 

9.83 822 


10.16 178 

9.91 565 

26 

35 

9.75 405 

9.83 849 


10.16 151 

9.91556 

25 

36 

9.75 423 

9.83 876 


10.16 124 

9.91 547 

24 

37 

9.75 441 

9.83 903 


10.16 097 

9.91 538 

23 

38 

9.75 459 

9.83 930 


10.16 070 

9.91 530 

22 

39 

9.75 478 

9.83 957 


10.16 043 

9.91 521 

21 

40 

9.75 496 

9.83 984 


10.16 016 

9.91512 

20 

41 

9.75 514 

9.84 011 


10.15989 

9.91504 

19 

42 

9.75 533 

9.84 038 


10.15 962 

9.91 495 

18 

43 

9-75 551 

9.84 065 


10.15 935 

9.91486 

17 

44 

9.75 569 

9.84 092 


10.15908 

9.91 477 

16 

45 

9.75 587 

9.84 119 


10.15881 

9.91 469 

15 

46 

9.75 605 

9.84 146 


10.15 854 

9.91460 

14 

47 

9.75 624 

9.84 173 


10.15 827 

9.91 451 

13 

48 

9.75 642 

9.84 200 


10.15 800 

9.91 442 

12 

49 

9.75 660 

9-84 227 


10.15 773 

9.91433 

11 

50 

9.75 678 

9.84 254 


10.15746 

9.91 425 

10 

61 

9.75 696 

9.84 280 


10.15 720 

9.91416 

9 

52 

9.75 714 

9.84 307 


10.15 693 

9.91 407 

8 

53 

9.75 733 

9.84 334 


10.15 666 

9.91 398 

7 

54 

9,75 751 

9.84 361 


10.15 639 

9.91 389 

6 

55 

9.75 769 

9.84 388 


10.15 612 

9.91 381 

5 

56 

9.75787 

9.84 415 


10.15 585 

9.91 372 

4 

57 

9.75 805 

9.84 442 


10.15 558 

9.91 363 

3 

58 

9.75 823 

9.84 469 


10.15 531 

9.91 354 

2 

59 

9,75 841 

9.84 496 


10.15 504 

9.91 345 

1 

60 

9.75 859 

9.84 523 


10.15 477 

9.91 336 

0 


L Cos { 

d 1 L Ctn 1 

cdl 

L TanH 

tSin Id 



Prop* Pts. 


28 

27 

2 

5.0^ 

5.4 

3 

S.4: 

8.1 


11.2 

10.8 

5 

14,0 

13.5 

6 

16.8 

16.2 

7 

19.6 

18.9 

8 

22.4 

21.6 

9 

25!2 

24.3 


26 

19 

2 

5.2 

' ?•§ 

3 

7.S 

5.7 

4 

10.4 

7,6 

5 

13.0 

9.5 

6 

15.6 

11.4 

7 

18.2 

13.3 

8 

20.8 

15.2 

9 

23.4 

17.1 


18 


2 

3.6 

1.8 

3 

5.4 

0 

4 

7.2 

3.6 

5 

9.0 

4.0 

6 

10.8 

5.4 

7! 

12.6 

6.3 

S| 

14.4 

7.2 

9| 

16.21 

8.1 


8 

1.6 

2.4 

3.2 
4.0 
4.8 
5.6 

6.4 

7.2 


From the top: 
For34®+or214®% 
read as printed; for 
124'’+or304'»+ read 
co-fxinction. 


From the bottom: 
For 55®+ or 235®+ 
read as printed; for 
145®+ or 325®+ read 
co-function. 


Proi).Pt& 


55® — Logarithms of Trigonometric FunctinuR 



Iir 35® — Logarithms of Trigonometric Functions SI 


h Sin d L Tan cd ^ L €tn L Cos d 


*^.7' syj 
:K7Js77 

"Jm t tJ 

9.7591:5 
9.73 931 

9.73 049 
9.73 1>'97 

9.73 9S3 
9.79 UU3 

9 9.79 021 

10 9.7G039 

11 9.70 037 
19 9.70 073 

13 9.70 093 

14 9.70111 

15 9.70129 
10 9,76146 
17 9.76164 

9.70 1S2 

19 9.76 2CM3 

20 9,76 21S 

21 9.76 236 

22 9.76 253 

23 9.70 271 

24 9.7G2S9 

25 9.76307 
20 9.76324 
27 9,70 342 
2S 9.76 360 

29 9.76 37S 

30 9.76 395 

31 9.76413 

32 9.76 431 

33 9.76 44S 

34 9.76466 

35 9.76 4S4 
30 9.76 501 
37 9.76 519 
3S 9.76 537 
39 9.76 554 
^ 9.76572 

41 9.76 590 

42 9.76 607 

43 9.76 625 

44 9.76 642 

45 9.76 660 

46 9.76 677 

47 9.76 695 
4S 9.76712 

49 9.76 730 

50 9.76 747 

51 9.76765 

52 9.76 7S2 

53 9.76 800 

54 9.76 S17 

55 9.76 S35 

56 9.76852 

57 9.76 870 
5S 9-76 887 

59 9.76 904 

60 9.76922 
LCo» 


26 


OTQ 26 


9.S4 523 ; 
9. >4 55U = 
9.S4 576 
9.S4 603 
9.84 630 
9.S4 657 
9.^4 GS4 
9.S4 711 
9.S4 73S 
9.S4 764 
9.S4 791 
9.S4 SIS 
9. 84 S45 
9.84 872 
9.84 899 
9.S4925 

9.84 952 

9.54 979 

9.85 006 

9.55 033 
9.85 059 
9.S5 0S6 
9.S5113 
9.S5 140 
9.S5 166 
9.S5 193 
9.85 220 
9.S5 24: 
9.S5 273 
9.S5 300 
9.S5 327 
9.S5354 
9.S5 3S0 
9.S5407 
9.85 434 
9.85 460 
9.S5 4S7 
9.S5514 
9.S5 540 
9.85 567 
9.S5 594 
9.S5 620 
9.85 647 
9.S5 674 
9.85 700 
9.^727 
9. So t o4 
9.85 780 
9.S5S07 
9.S5 834 
9.85 860 
9.85 SS7 
9.S5 913 
9.85940 

9.85 967 
9.85993 
9.S6020 
9.S6046 
9.86073 

9.86 100 
9.86126 

L Ctn 


I'J.lo 477 
19.15450 
10.15424 
10.15397 
10.15370 
10.15343 
IU.15.316 
10.15 2y9 
10.15262 
10.15236 
10.15 2fjf*4 
10.15 IHJ 
10.15 155 
10.15 12S 
10.15 101 
10.15075 
10.15 04^ 
10.15021 
10.14 91H 
10.14967 
10.14941 
10.14914 
10.14887 
10.14 860 
10.14 834 
10.14 807 
10.14 780 
10.14753 
10.14727 
10.14700 
10.14073 
10.14646 
10.14620 
10.14593 
10.14566 
10.14 540 
10.14513 
10.14486 
10.14460 
10.14433 
10.14406 
10.14 380 
10.14353 
10-14326 
10.14300 
10.14273 
10.14246 
10.14220 
10.14 193 
10.14166 
10.14 140 
10.14113 
10.14087 
10.14060 
10.14 033 
10.14007 
10.13 9S0 
10.13954 
10.13927 
10.13900 
10.13 874 


9.91 336 , 
9.91 32-^ ; 
9.91 316 i 
9.91 3 

9.91 :v;l ’ 

9.91 29 j 

9.91 2‘'3 
9.91 274 ; 
9.91 266 ■ 
9.91 257 * 
9.91 24 ^ ■ 
9.91 23y 
9.912311 ; 
9.91221 : 
9.91212 ^ 
9.91 2U3 * 
9.91 194 
9.91 1S5 
9.91 176 
9.91 167 
9.91 158 
9.91 149 ! 
9.91 141 i 
9.91 132 I 
9.91 123 i 
9.91 114 
9.91 105 i 
9.91 096 1 
9.91 0‘>7 
9.91 075 
9.91 069 
9.91 OGO 
9.91 051 
9.91 042 
9.91 033 
9.91 023 
9.91 014 
9.91 005 
9.90996 
9.90 9S7 
9.<Hi97S 
9.90 969 
9.90 960 
9.90951 
9.90 942 
9.90933 
9.90924 
9.90915 
9.90906 

9.90 sm 

9.90 SS7 
9.90 87S 
9.90869 
9.90860 
9.90851 
9.90842 
9.90 832 
9.90 S23 
9.90 S14 
9.90 805 
9.90796 


cd h Tan L Sin 


Prop . Pis. 

60 



I 27 

i m 


5,1 


3 

! s,i 

• 7 * 

4 1 10,^ 

5 13 5 

1^' 

6 

16.2 

no 


18.9 s 1*^.2 


21.6 

2U.H 


20f 2>„4 


1 

1 

2 ! 

1 3.6 

1 3.4 

3i 

\ 4 

, 5.1 

4l 

1 7,2 

1 6> 

5| 

' 97) 

i 8.5 

6\ 

< ItKhj 

1 10,2 

7j 

^ 12.G! 

n.9 

s! 

14.4; 

13.6 

91 

16.2 1 

15.3 


10 

S 


2.0 

1.8 


3.0 

2^1 


4Ai 

3.6 


5.9 

4,5 

6 

6,y 

5.4 


7.0 

G.3 

8 

1 8.0 

7.2 

9 

1 9d 

Sd 


8 


1.6 


2,4 


3. 

2 


4.0 


4.8 


5.6 


6.4 


7. 

2 


From the iapr 
For 35®- ar 215®^, 
read as printed : for 
125®"*" or read 
co-funetioa. 


From the hMi&m: 
For 64®- or 234®-, 
read as |irint«d; for 
144®- or324®-, read 
eo-fuactioa. 


Prop, Pts. 


K.40 — of Trmonometric Functions 



82 


L Sin I d 

0 9.76922 

1 9.76 939 

2 9.76 957 

3 9.70 974 "" 

4 9.70991 

5 9.77009 
0 9,77 026 
” 9.77043 
S 9.77001 


L^arithms of Trigonometric Functions 

?fop- 


h Tan 


9.86 126 
9.80 153 
9.86 179 
9.86206 
jg 9.S6232 
, 9.S02S9 
I9.862S5 
9.86312 
:z 9.86338 


9 9.7/ 0, 8 i 9.86365 
1 10 9.77095 
11 9.77112 
* 12 9.77130 IS 
13 9.77147 
. 14 9.77 1G4 


15 9.77181 
10 9.77199 
1" 9.77216 
IS 9.77233 

1 19 9.77250 
20 9.77268 
21 9.77285 
22 9.77302 
23 9.77319 
24 9.77336 
125 9.77353 
*20 9.77370 
1 2/ 9.77 387 
(28 9.77405 


9.86392 
9.8641S 
9.86 445 
9.86471 
9.S649S 
9.SC524 
9.S6551 
9.80577 
9.86603 


cd 


26 


L Ctn I L Cos 


10.13 874 9.90 796 
10.13847 9.90787 
10.13821 9.90777 
10.13794 9.90 7CS 
10.13 768 9.90759 
10.13 741 9.90750 
10.13 715 9.90 741 
10.13 OSS 9.90731 
10.13602 9.90722 
10.13 635 9.90713 
10.13 608 9.90 704 
10.13582 9.90694 
10.13555 9.90685 
10.13529 9.90 676 
10.13502 9.90 G67 
10.13 476 1 9.90 657 
10.13 449 9.90648 
10.1342319.90 639 


I rz I uoy 

QSFAQn ^7 ^0*13 397 9.90 630 
9.b6630 -7 10.13370 9.90620 

986 633 27 JO-13344 9.90611 
"6 10-13317 9.90602 
ole 736 27 J2-1|291 9.90 S92 
9:S6762 36 io;l|5|4 9.90583 

ii s III Ki 

S S s! ” If Sf 


27 

5.4 

8.1 

10.8 

13.5 
16.2 
18.9 

21.6 

24.3 

18 

3.6 

5.4 

7.2 

9.0 

10.8 

12.6 

14.4 
16.2 


5.2 

7.8 

10.4 
13.0 
15.6 
18.2 
20.8 

23.4 


17 

3.4 
5.1 
6.8 

8.5 
10.2 
11.9 
13.6 
15.3 


16 10 
3.2 2.0 
4.8 3.0 
6.4 4.0 
8.0 5.0 
9.6 6.0 
11.2 7.0 
12.8 8.0 
14.4 9.0 


,17 10.12 973 9.90480 

1 36 1 OS? 541 1" 9*87070 26 9.90471. i 

*37 9.77558 1’ GS^Ofi ^ 9.90462 9 

•iC I Q r-r £r~- ^r 106 71 10.12 SQ4. a an ro 10 I 


I 


38 9.77575 QSns? 26 9.90452 

39 9.77592 1^ 9 8715^ 26 9.90443. 

40 9.77 609 9 87185 

Ul 9.77 626 17 10-12815 9.90424 

,42 9.77 643 17 gsTois 27 9.90415 

1 43 9.77660 17 9870 ?? 26 9.90405 

*44 9.77677 17 26 J2-J2736 9.90396 

45 9.77694 QQ* 7 ot^ 27 9.90386 


50 9.77778 26 i 

51 9.77 795 17 27 JS’JS P-90 330 

52 MZSISI JIloiTsm 26 JS-JH2S 9.90320 


52 9.77812 

53 9.77829 

54 9.77846 

55 9.77862 

56 9.77879 

57 9.77896 

08 9.77913 

09 9.77 930 
60 1 9.77946 


•I i 2I ril l;lo°lf? 

9 87564 27 3 9.90301 

9.87 10-12446*9.90292 

1^ 9*87 ftOA ’6 10-12420 1 9.90282 
17 11^006 -6 10.12394 9.902731 
1^ 9S7 6 ?q 26 10-12 367*9.90 263 
9*8? II? ’6 10*12341 9.90254 
of^^ff|i6ll?-12315 9.902M 


1.8 

2.7 

3.6 

4.5 

5.4 

6.3 

7.2 

8.1 


I* Co s { d 


9 87 711 26 — — 

0^gI21L__ 10-1228 9 9.90235 


^rom t?te top: 

14 For36®+or216®H 

„ read as printed; fo 
11 12e°+or306®+ rea< 
10 co-function. 

From the bottom: 
xwj For53°+or233«+ 
9 1 . read as printed; fol- 
io 3 143°+or323°+,i«ad 
20 1 2 co-function. 


JLoganthitts of Trigonometric PnnrHnno 


[in 



in: 


37^ — 


Logarithms of Trigonometric Functioits 




124 

I 26 


Sin 

LTan led LCtn 

LCos 

.77 946 

87711 ■ 

,0.12 

289 

90 235 

.77 963 

b7 73b 

0.12 

262 

•H) 225 

.77980 

,87 764 

0.12 

236 

1K1216 

77 997 

,87 790 

0.12 

210 

90 2ii6 

.78013 

.87 817 

.0.12 

ISi 

,90197 

.78 030 

>.S7 S43 

10.12 

157 

.90187 

.7b 047 

.87 86(9 

.0.12 

131 

.W 17b 

.78 063 

.87 S95 

l0.12 

105 

.9016b 

«.78 080 

^.87 922 

.0.12 

U7b 

.W 159 

678097 

.87 948 

10.12 

U52 

>.y<l 149 

>.78113 

.87 974 

.0.12 

026 

'.90 139 

>.7S 130 

.ssocw 

.0.12 

000 

'.\N> L'ro 

'.7S 147 

‘.SS027 

.0.11 

973 

.IH) 120 

l75 163 

'.88 053 

.0.11 

947 

.90 1 a 

>.7S ISO 

.88079 

0.11 

921 

.90 lot 

>.7S 197 

.88 105 

0.11 

895 

t.90091 

'.78 213 

'.S8 131 

.0.11 

8t>9 

■.90082 

'.78 230 

.88 158 

LO.ll 

842 

-.90072 

8 246 

.88 184 

,0.11 

S16 

>,900tl3 

1.78263 

.88210 

0-11 

71«> 

.90 053 


).TS2S0 
I.7S29G 
I.TS313 
■S329 
'8346 
9.78 362 
’$ 379 
9.78395 
9.7S412 
29 9.78 42S 
Iso 9.78445 

31 9.78 4G1 

32 9.7S47S 

33 9.78494 

34 9.78 510 

35 9.78527 

36 9.7S543 
9.78 5G0 

3S 9,78576 

39 9.78592 

40 9.78609 

4 9.7S62 

42 9.78 642 
4; 9.7S65S 
4^ 9.78 674 
45 9.78 69 

41 9.7S707 

4 9.7872; 

4 9.78 T3« 

4 9.7875 
60 9.7877 

5 9,78 7SJ 
9.78 SO 
9.7882 
9.7SS3 

1 55 9.78 S53 
[5 9.7SS6' 

9.78 SS( 
9.7890 
9.7S91 
9.7S93x , 


Prop, Ffts, 


16 


.88236 

‘-SS2G2 

>.88289 

i.SS3i5 

1.88341 

9.88367 

9.88393 

9.88420 

3.88 44G 
9.SS472 

9.88 49S 
9.88524 
9.88550 
9.S8577 
9-88 G03 
9.88629 
9.88 655 
9.8S6S1 
9.8870' 
9-88733 
9.88759 
9.88786 
9.88 812 
9.88 S3S 
9.88 864 

9.88 890 
9.SS916 
9.88942 
9.8896; 
9.SS994 

9.89 02C 
9.^04C 
9.890' 
9.89 09< 

9.89 12 
9.S9 15 

9.89 17 

9.89 20 
9.89 22i 
9.89 255 
9.89 281 


a 


LCos 1 d 


LCtn led 


,0.11764 
L0.U73S 
.0.11711 
.0.11 6%> 
10.11659 
10.11633 
10.11607 
10.11 5S0 
10.11554 
10.11528 
10.11502 
10.11476 
10.11450 
10.11423 
10.11397 
10.1 i 371 
10.11345 
10.11 319 
10.11203 
10.1120 
10.11 241 
10.11214 
10.11 18S 
10-11 162 
10.11 136 
10.11 110 
10.11084 
10.1105? 
10.1103- 
10.11 00( 
10.10 9S( 
10,10954 
10.1092 
10.1090 
10.1087 
10.10 84L 
10.10823 
10.1079 
10.1077 
10.10 745 
10.10719 


.90 043 
■.90 034 
1.90024 
.90 014 
.90005 
.89995 
'.S99S5 
'.89 976 
'.89906 
L89956 
>.89 94' 
9.8993' 
9.8992' 

9.89 918 
9.S9 90S 

9.89 898 

9. 89 
9.89 879 
9.89 869 
9.89 859 
9.89 849 
9.89 840 
9.89 330 
9.89 S20 
9.S9 SIO 
9.S9 801 
9.89 791 
9.89 7S1 
9.8977 
9.S9 76 
9.8975: 
9.S9 74: 
9.8973 
9.89 72 
9.8971 
9.39 702 
9.89 69r 
9.89 6S3 
9.89 67: 
9.89 663 
9.89 653 


LTan 


30 

29 

28 

27 

26 

25 

24 

21 

22 

21 

20 

19 

18 

17 

16 

15 

1 

1 

i: 

1 

10 


2T 


5.4 

5.2 

S,1 

7.8 

10.8 

10.4 

13.5 

13.0 

16.2 

15.6 

18.9 

18.2 

21.6 

20.8 

2421 

23.4 

IT 

16 

3.4 

3.2 

5.1 

4.8 

6.8 

6.4 

8,5 

8.0 

10.2 

9.6 

11,9 

11.2 

13.6 

12.8 

15.3 

14.4 

10 


2.0 

1.8 

3.0 

2.7 

4.0 

3.6 

5.0 

4.5 

6.0 

5.4 

7.0 

6.3 

S.O 

7-2 

9.0 

8.1 


From th4 

For3T^or2ir^ 
read as printiwi; fee 

or 307®% read 

eo-fiinctloEL. 

From tht 

ForS2®*^or23r% 
read as printed; for 
142®+ or 322*^. read 
eo-4uikctk>a. 


LSin \ 


10 

3 


10 

2 


10 

1 


10 

0 


Td 

f 

ProifcPls. 


52° — I.>>g«ritlinia of Trig<mometric Functions 


‘ Logariflims of Trigonometric Functions 


, , juom ! 


9.78934 
9.78 950 
9.78 967 
9.78983 
9,78999 
9.79015 
9.79031 
9.79047 
9.79063 
9.79079 

10 9.79095 

11 9.79111 

12 9.79128 

13 9.79144 

14 9.79160 

15 9.79176 

16 9.79192 

17 9.79208 

18 9.79224 

19 9.79240 

20 9.79256 

21 9.79272 

22 9.79288 

23 9.79304 

24 9.79319 

25 9.79335 

26 9.79351 

27 9.79367 

28 9.79383 

29 9.79 399 

30 9.79415 

31 9.79431 

32 9.79447 

33 9.79463 

34 9.79478 

35 9.79494 

36 9.79510 

37 9.79526 

38 9.79542 

39 9.79 558 

40 9.79 573 

41 9.79 589 

42 9.79 605 

43 9.79621 

44 9.79 636 

45 9.79652 

46 9.79668 

47 9.79684 

48 9.79699 

49 9.79 715 

50 9.79731 

51 9.79746 

52 9.79762 

53 9.79778 

54 9.79793 

55 9.79 809 

56 9.79 825 

57 9.79 840 

58 9.79 856 

59 9.79872 

60 9.79 887 


LCos 


9.89 281 
9.89307 
9.89333 
9.89359 
II 9.89 385 
9.89411 
9.89437 
9.89 463 
9.89 489 
9.89515 
9.89541 
}S 9.89 567 
9.89 593 
i" 9.89619 
9.89 645 
9.89 671 
9.89697 
9.89 723 
II 9.89 749 
II 9.89775 
9.89801 
9.89 827 
9.89853 
9.89879 
9.89905 
:: 9.89931 

9.89 957 
9.89983 
9.90009 
9.90035 

9.90086 
9.90112 
9.90138 
9.90164 
9.90190 
9.90216 
9.90242 
9.90268 
II 9.90294 
9.90320 
9.90346 
9.90371 
9.90397 
ll 9.90423 
9.90449 
9.90475 
9.90501 
ff 9.90527 
9.90553 
9.90578 
9.90604 
9.90630 
f! 9.90656 
9.90682 
_ 9.90708 
9.90734 
9.90759 
9.90785 
9.90811 

9.90 837 


d I LCtn 


_ 10.10719 
10.10693 
10.10667 
r“ 10.10641 
10.10615 
10.10589 
10.10563 
II 10.10537 
10.10511 
10.10485 
“ 10.10459 

Z 10.10433 
" 10.10407 
Z 10.10381 
ll 10.10355 
_ 10.10329 
10.10303 
Z 10.10277 
Z 10.10251 
g 10.10225 
_ 10.10199 
^ 10.10173 
Z 10.10147 

Z 10.10121 

II 10.10095 
' 10.10069 

.10.10043 
\Z 10.10017 
Z 10.09991 
ll 10.09965 
10.09939 
Z 10.09914 
Z 10.09888 
Z 10.09862 
II 10.09836 
„ 10.09810 
Z 10.09784 
Z 10.09 758 
Z 10.09732 
11 10.09706 
_ 10.09 680 
Z 10.09654 
Z 10.09629 
Z 10.09603 
26 10.09577 
_ 10.09551 
26 10.09525 
26 10.09 499 
26 10.09473 
I 26 10.09447 
10.09422 
10.09396 
Z 10.09 370 
Z 10.09344 
26 10.09318 

10.09292 
26 10.09 266 
26 10,09241 
26 10.09 215 
26 10.09 189 
10.09 163 



6 9.0 6.6 

7 10.5 7.7 

8 12.0 8.8 
9 13.5 9.9 


10 9 

2 2.0 1.8 

3 3.0 2.7 

4 4.0 3.6 

5 5.0 4.5 

6 6.0 5.4 

7 7.0 6.3 

8 8.0 7.2 

9 9.0 8.1 


Prom the top: 

For38'»+or218®+, 
read as printed; for 
128'>+or308®-,i€ad 
co-function. 

From the bottom: 

For51°+or231®+. 
read as printed; for 
141®+ or 321®+ read 
co-function. » 


Prop. Pts. 


01 Lf^antiuns of Trigonometric Funrtmus 














-HI 39 


.SS7 . 
903 ; 
9.7y 91^ ' 
9.79 934 
9.79 9^0 , 

5 9.79 965 S 

6 9.79 9M ! 

7 9,79 996! 
h 9. >9 019. 
9 9.S0097j 

10 9.S0043‘ 

1 1 9.SO 05S ! 

12 9. SO 074 

13 9.S0U>9 

14 9.b0i05 

15 9.S0120 

16 9.S0136 

17 9.S0151 
IS 9.S0iG6 
19 9.S0XS2 
^ 9.S019T 

21 9.S0 213 

22 9.Si}22S 

23 9.S0244 

24 9.S0 259 
[25 9.S0 274 

26 9.S0290 

27 9,S0 305 

25 9.80320 

29 9.S0336 

30 9.S0351 

31 9.S036G 

32 9.S03S2 

33 9.S0 397 

34 9.S0412 

35 9.S042S 

36 9.S0443 

37 9.80458 
3S 9.S0473 

39 9.S04S9 

40 9.S0504 

41 9.80519 

42 9.80 534 

43 9.80 550 

44 9.S0565 

45 9.80 580 

46 9.S0595 

47 9.S0 610 
4S 9.S0625 

49 9.S0641 

50 9.S0656 

51 9.S0671 

52 9.S06S6 

53 9.S0 701 

54 9.S0 716 

55 9.80 731 
.56 9.S0746 

57 9.S0762 

58 9.80 777 

59 9.S0792 

60 9.S0 807 

h Cos i 




16 

i:» 

16 

16 

13 

16 

13 

16 

15 

16 

15 

16 

15 
IG 

16 
15 
15 
IG 

15 

16 

15 

16 
15 

15 

16 
15 

15 

16 
15 

15 

16 
15 

15 

16 
15 
15 

15 

16 
15 
15 

15 

16 
15 
15 
15 
15 

15 

16 
15 
15 
15 
15 
15 
15 

15 

16 
15 
15 
15 

Tl 
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L Cos - d 
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L Tan 

cd 

LCtn 

9.90 bS7 


i*^.{ 

9.90 S63 

LSi. 


9.ff0 .S>9 


1.’. 111 

9,90914 



9.9094;* 


10.09061? 

9.90 966 


10.09034 

9.90992 


ia.yyuii> 

9,91 018 


I0.r,!>9>2 

9.91 043 


i0.0>y57 

9.91 069 


19.08931 

9.91 095 


10.08 9t}5 

9.91 121 

20 

10.08879 

9.91 147 

■ 

10.0 b 853 

9.91 172 


lO.Ob .b2b 

9.91 198 

26 

10.0b bU2 

9,91 224 

-C 

10.0S776 

9.01 250 

26 

10.0>750 

9.91 276 

26 

10.08724 

9.91 301 

25 

lO.Jib 699 

9.91 327 


10.0b 073 

9.91 353 


10.08 647 

9.91 379 

26 

10.08 62! 

9.91 404 

25 

10.08596 

9.91430 

26 

10.08570 

9.91 450 

26 

10.08544 

9.91 4S2 


10.0S518 

9.91 507 

25 

10.08493 

9.91 533 

26 

10.08467 

9.91 559 

26 

10.08441 

9.91 5S5 

26 

10.08415 

9.91 010 

25 

10.08390 

9.91 636 ! 

26 

10.08364 

9.91 662; 

26 

10.0833$ 

9.91 OSS ' 

26 

10.08312 

9.91713 

O' 

10.08 287 

9.91 739 

-b 

10.08261 

9.91 765 

23 

10.08235 

9.91 791 1 

26 

10.08209 

9.91 SI 6 

25 

lO.OS 1S4 

9.91 842 

26 

iO.OS 158 

9.91 S6S 

-.0 

lO.OS 132 

9.91893 

25 

10.08 107 

9.91919 

26 

lO.OS 081 

9.91 945 

26 

10.08055 

9.91971 

26 

lO.OS 029 

9.91 996 

-o 

1 10.08004 

9.92 022 

26 

I 10.07978 

9.92 04S 

26 

! 10.07952 

9.92 073 

25 

1 10.07927 

9.92 099 

26 

; 10.07901 

9.92 125 

26 

! 10.07 S75 

9.92 150 

25 

I 10.07 S50 

9.92 176 

26 

1 10.07824 

9.92 202 

26 

1 10.07 79S 

9.92 227 

25 

Od 

i 10,07773 

9.92 253 


1 10.07747 

9-92279 

26 

i 10.07 721 

9.92 304 

25 

! 10.07696 

9.92 330 

26 

10.07 670 

9.92356 

26 

10.07 644 

9.92 381 

25 

10.07619 


L Ctn cd; L Tan 


050 

40 


9.-»9 02O 
0.89 1 H ly 
9.88999 

9.>S978 

9.» 
9.S>y48 
937 
9.» 927 
y.S> 917 
O.SSlnM 
9.SSS96 
9.S-> .’>''6 
9.SSS75 
9,n> >05 
9.SSb55 
9.8SS44 . 
9.S8 '>si4 i 

9.8SS24hS' 
9.88813!:!, 
9.88 803 ; 
9.S8793 ! „ 
9.85 7.S2 ! 
9.8S772 I :V 
9.>S 701 
9.88751 
9.SS741 
9.8S730 
9.88720 
9.SS709 
9.88699 
9.8S6SS 
9.h>67S 
9.SS 668 
9.SS 657 
9.S8647 
9.SS636 
9.88 626 
9.88615 
9.88605 
9.8S594 
9.88 584 
9.88573 
9.88 563 
9.88 552 
9.SS542 
9.88531 
9.88521 
9.88510 
9.5S499 
9.SS489 
9.SS478 
9.SS468 
9.88457 
9.SS447 
9.S8436 
9.88425 


L Sin i d 


Prop. Pts. 


5.2 

7.8 

10.4 
13.0 
15.6 
18.2 
20.8 

23.4 


1 

2j 3.2 
31 4.8 


25 

5.0 

7.5 

10.0 

12.5 

15.0 

17.5 

20.0 


16 

3.0 

4.5 

6.0 

7.5 
9.0 


6.4 
j 8.0 
9.6 
' 11.21 10.5 
, 12.8 i 12.0 
i 14.4 i 13.5 


j 11 ! 10 

2 ! 2.2 ■ 2.0 
3 ! i i!u 

4 ! 4.4 1 4.0 

5 5.5 5.0 

6 66 6 0 
7; 7.7 7.0 
8:8,8 ,8.0 
9 1 9.9 , 9.0 


From the t&p: 

For^^orSOLi®-, 
read as priL.te*j ■ for 
129®'^ or 308® % read 
CO-fUEiCtioC. 

From the btdLm: 

For 60®+ or 230®-, 
read aa printed: for 
140®- or 320®+, read 
co-fimctioii. 


Prop. Pts. 


• Lc^arithms of Trigonometric Functions 
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40® — Lc^aritbnis of Trigonometric Functions 


crn 



LSim i 

d LTan 

|cd{ LCtn 

t LCos 1 d 

0 

9.S0S07 

9.92381 

10.07 619 

9.88425 

1 

9.80822 

9.92407 

10.07593 

9.88415 

2 

9.80837 

9.92433 

10.07 567 

9.S8 404 

3 

9,80852 

9.92458 

10.07 542 

9.88394 

4 

9.S0867 

9.92 484 

10.07 516 

9.S83S3 

5 

9.80882 

9,92 610 

10.07490 

9.SS372 

6 

9.S0S97 

9.92 535 

10.07 465 

9.88302 

7 

9.80912 

9.92 561 

10.07439 

9.S8 351 

S 

9.SQ927 

9.92 5S7 

10.07413 

9.S8 340 

9 

9.80942 

9.92 612 

10.07 388 

9.S8330 

10 

9.80957 

9.92 63S 

10.07362 

9.SS319 

11 

9.80972 

9.92 663 

10.07 337 

9.SS 30S 

12 

9.80987 

9.92 689 

10.07311 

9.88298 

13 

9.S1 002 

9.92 715 

10.07 285 

9.88 2S7 

14 

9.81 017 

9.92 740 

10.07260 

9.S8276 

16 

9.81 032 

9.92766 

10.07234 

9.SS266 

16 

9.81 047 

9.92 792 

10.07208 

9.S8 255 

17 

9.81 061 

9.92 817 

10.07 183 

9.SS 244 

IS 

9.S1 076 

9.92 843 

10.07 157 

9-SS234 

19 

9.81 091 

9.92868 

10.07 132 

9.88223 

20 

9,81 106 

9.92894 

10.07 106 

9.88 212 

21 

9.81 121 

9.92920 

10.07080 

9.88 201 

22 

9.81 136 

9.92 945 

10.07055 

9-SS 191 

23 

9.81 151 

9.92 971 

10.07 029 

9.88 180 

24 

9.81 166 

9.92 996 

10.07 004 

9.88 169 

25 

9.81 ISO 

9.93022 

10.06 978 

9.8S 158 

26 

9.81 195 

9.93 048 

10.06952 

9.88 148 

27 

9.81210 

9.93 073 

10.06927 

9.88 137 

28 

9.81 225 

9.93099 

10.06 901 

9.88 126 

29 

9.S1 240 

9.93 124 

10.06876 

9.88115 

30 

9.81 254 

9.93 150 

10.06850 

9.88 105 

31 

9.81 269 

9.93 175 

10.06 825 

9.88094 

32 

9.81 284 

9.93201 

10.06799 

9.88083 

33 

9.81 299 

9.93 227 

10.06773 

9-88072 

34 

9.81314 

9.93 252 

10.06748 

9.88061 

35 

9.81 328 

9.93278 

10.06722 

9.88 051 

36 

9.81 343 

9-93 303 

10.06 697 

9.88040 

37 

9.81 358 

9-93329 

10.06671 

9.88029 

38 

9.81 372 

9.93 354 

10.06 646 

9.88 018 

39 

9.81 3S7 

9.93 380 

10.06620 

9.88007 

40 

9.81 402 

9.93406 

10.06 594 

9.87996 

41 

9.S1417 

9.93431 

10.06569 

9.87985 

42 

9.81431 

9.93 457 

10-06543 

9.87975 

43 

9.S1 446 

9.93482 

10.06518 

9.87964 

44 

9.81 461 

9.93 508 

10.06492 

9.87 953 

45 

9.81 475 

9.93533 

10.06467 

9.87 942 

46 

9.81 490 

9.93 559 

10.06441 

9.87 931 

47 

9.81 505 

9.93 584 

10.06416 

9.87920 

48 

9.S1 519 

9.93 610 

10.06390 

9.87 909 

49 

9.81 534 

9,93 636 

10.06364 

9.87 898 

50 

9.81 549 

9.93 661 

10.06 339 

9.87 887 

51 

9.81 563 

9.93 687 

10.06313 

9.87 877 

52 

9.81 578 

9.93712 

10.06288 

9.87 866 

53 

9.81 592 

9.93 738 

10.06262 

9.87 855 

54 

9.81 607 

9.93 763 

10.06 237 

9.87844 

55 

9.81 622 

9.93 789 

10.06211 

9.87 833 

56 

9.81 636 

9.93 814 

10.06 186 

9.87 822 

57 

9.81 651 

9.93 840 

10.06 160 

9.87 811 

58 

9.81 665 

9.93 866 

10.06 135 

9.87800 

59 

9.81 680 

9.93 891 

10.06 109 

9.87789 

60 

9.81 694 

§;93 916 

10.06084 

^7778 


L € os 

Lctn 

cd L Tan 

L Sin 


Frofi. Pte, 


28 25 


10.4 10.0 
13.0 12.5 
15.6 15.0 
18.2 17.5 

20.5 20.0 
23.4 22.5 


2 

3 

4 

5 

6 

7 

8 
9 


15 

3.0 

4.5 

6.0 

7.5 
9.0 

10.5 

12.0 

13.5 


14 

2.5 
4.2 

5.6 
7.0 
8.4 
9.8 

11.2 

12.6 


2 

3 

4 

5 

6 

7 

8 
9 


11 

2.2 

3.3 

4.4 

5.5 

6.6 

7.7 

8.8 

9.9 


10 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 
9.0 


From the fop: 

For 40®+ or 220^+ 
read as printed; for 
130®+ or 310®+ read 
co-function. 

From the bottom: 

For49®+or229®+, 
read as printed; for 
139®+ or 319®+, read 
co-function. 


Pro|». Pte. 


49® Logarithms of Trigonontetric Functions 



41' 

L Slit 

O.bl G04 
G.si 7<i9 
723 
1>.S1 73S 

9.51 752 
^.Sl 707 
y.bl7M 
9.81790 
9.81 810 

9.51 825 

9.51 839 
9.81 854 

9.51 SOS 
9.81 8S2 
9.81 S97 

9.51 911 
9,81920 
9.81 940 
9.81 955 
9,81 960 
9.81 983 

9.81 99S 

9.82 012 

9.52 026 

9.82 041 
9.S2055 
9.S2 069 
9.S2 0S4 

9.82 09S 
9.S2 112 
9.S2 126 
9.S2 141 
9.82 loo 
9.S2 169 
0,82 184 
9.S2 198 
9.S2 212 
9.S2 220 
9.S2 240 
9.82 255 
9.S2 269 
9.S2 2S3 
9.82 297 
9.82 311 
9.S2 326 
9.S2 340 
9.82 354 
9.S2 36S 
9.S2 382 
9.S2 396 
9.S2410 
9.S2424 
9.82439 
9.S2453 
9.S2467 
9.82 4S1 
9.S2495 
9.82509 
9.82523 
9.82537 
9.82551 

LCos I 

4S 


— Logarithms of Trigonometric Fimctioiia B7 


L Tan led L Ctn j L€<m f d 



9.93 916 


9>7 7Ts 



9.93 9 12 i 

H t.i-’O 05^ 

9>r 767 



9.93 967 

10.06033 

9.^7756 


11 

9.93 99;l : 

liMHUHfT 

9.v7 745 


9.94018 

IU.059^2 

9.^7734 


14 

9.94044 

10.05956 

9.n7 723 


9.94 0G9 

10.05931 

9.>^7 712 



9.94 095 

10.05 9(i5 

9.n7 701 



9.94 120 

10.05 SMI 

9.H7 61c ^ 



9.94 146 

10,05 854 

9.n7 iuit 



9.94 171 

10.05 82i* 

9S7 6f»8 



9.94 197 

10.05 M}3 

9>7t;57 



9.94 222 

10.05 77S 

9.S7 646 



9.94 24S 

10.05 752 

9.S7 635 



9.94 273 

10.05 727 

9.S7 624 



9.94 299 

10.05 701 

9.^7 613 



9.04 324 

10.05 67r, 

9.87 tH 11 



9.94 350 

10.05 6,50 

!>.s7 590 



9.94 375 

10.05 625 

9..N7 579 



9.94401 

10.05599 

9.b7 568 



9,94426 

10.05 574 

9.87 557 



9.94452 

10.05 54.^ 

9.^7 546 



9.94477 

10.05523 

9.87 535 



9.94503 

10.05497 

9.87 524 . 

n 

12 


9.94 528 

10.05472 

9.87 513 1 


9.94 554 

10.05440 

9.87 501 i 


9.94 579 

10.05 421 

9.87 490 ! 

11 


9.94 604 

10.05396 

9.87 479 i 

11 


9.94 630 

10.05 370 

9.87 468 1 

11 


9.94655 

10.05345 

9.87 4.=t7 j 

11 

11 


9.94 681 

10.05319 

9.87 446 ! 


9.94 706 

10.05 294 

9.^7434 ‘ 


9.94732 

10.05 268 

9.87423 



9.94757 

10.05243 

9.87 412 



9.94 7S3 

10.05217 

9.87401 



9.94 SOS 

10.05 192 

9.87 390 



9.94 834 

10.05 166 

9.87 378 



9.94 859 

10.05 141 

9.87307 



9.94 8.S4 

10.05116 

9.87 356 



9.94 910 

10.05 090 

9.87 345 



9.94 935 

10.05065 

9.87 334 



9.94 961 

10.05039 

9.87 322 



9.94 986 

10.05014 

9.87 311 



9.95 012 

10.04988 

9.87300 



9.95037 

10.04963 

9.87 2SS 



9.95062 

10.04938 

9.87277 



9.95 OSS 

10.04912 

9.87 2G6 



9.95 113 

10.04 &S7 

9.87 255 



9.95 139 

10.04 S61 

9.87 243 



9.95 164 

10.04836 

9.S7 232 



9.95 190 

10.04 810 

9-87221 



9.95 213 

10.04 785 

9.S7209 



9.95240 

10.04 760 

9.87 19S 



9.95 266 

10.04 734 

9.87 187 



9.95 291 

10.04709 

9.87 175 



9.95317 

10.04683 

9.87 164 



9.95342 

10.04 658 

9.87 153 



9.95368 

10.04 632 

9.S7 141 



9.95393 

10.04 607 

9.87 130 



9.95418 

10.04 582 

9.87119 



9.95444 

10.04 556 

9.87 107 


d 

t ctn i 

cd L Tan 

LSin 



Prop. Pin. 


ct 1 

26 

m 


5.2 

5,0 

5 

7.8 

7.5 

4| 

10.4 

lO.U 

5 

13.0 

12% 

6 

15.6 


7 

18,2 

17.5 


20. s 


9 

23.4 

22.5 


1 15 

14 

2 3.0 

2.8 

3 4% 

4.2 

4l 6.0 

5.6 

5 1 7..’! 

7.0 

61 9.0 

8.4 

7 ( !U.5 

9.8 

8 1 12,0 

11.2 

9 1 13,5 

12.6 



i 12 ! 

11 

2 

: 2,4! 

2.2 

3 

! 3.6 i 

3.3 

4 

4,8 1 

4,4 

5 

I 

5.5 

6 

4 >1^ 1 

6.5 

7 

8.4' 

7,7 

s! 

9.6 

8,8 

9i 

10.8 , 

9.9 


From the iop: 

For or 221=%, 

rend as priotad; for 
131®-or3ir%read 
co-function. 

From ihM bottom: 

For4!r-"or2^% 
read printed; for 
138®- or 318®% read 
co-functiom 


Prop. Fti 


— Logarithms of Trigonometric Functions 



88 42® — liOgarithms of Trigonometric Functions [m 

Prop* Pts. 



LSin 1 

d 

L Tan cd 

LCtn 

L Cos 

0 

9.S2 551 


9,95 444 

10.04556 

9.S7 107 

1 

9.82 565 


9.95 469 

10.04531 

9.S7 096 

2 

9.S2579 


0.05495 

10.04505 

9-S7 0S5 

3 

9.82 503 


0.95 520 

10.04 4S0 

9.S7073 

4 

9-82 607 


9.05 545 

10.04455 

9.S7062 

5 

9.82 621 


9.95 571 

10.04429 

9.87 050 

6 

9.S2 635 


9.95 506 

10.04404 

9.S7 039 

7 

9-S2 649 


9.95622 

10.04 37S 

9.S7 028 

8 

9.82 663 


9.95 647 

10.04353 

9.87 016 

9 

9.S2677 


9.95 672 

10.04328 

9.S7005 

10 

9.82691 


9.95 69S 

10.04302 

9.86993 

11 

9.82705 


9.95 723 

10.04 277 

9.86 982 

12 

9.82719 


9.95 74S 

10.04252 

9.S6970 

13 

9.S2733 


9.95 774 

10.04226 

9.86 959 

14 

9.S2 747 


9.95 799 

10.04201 

9.86 947 

16 

9.82 761 


9.95 825 

10.04 175 

9.86 936 

16 

9.82 775 


9.95 850 

10.04 150 

9.86 924 

17 

9.82 7SS 


9.95 S75 

10.04 125 

9.86913 

18 

9.82 802 


9.95 901 

10.04099 

9.86 902 

19 

9.S2 816 


9.95 926 

10.04074 

9.86 890 

20 

9.82830 


9.95 952 

10.04048 

9.86 879 

21 

9,82 844 


9.95 977 

10.04 023 

9.86 867 

22 

9.82 S58 


9.96002 

10.03998 

9.86 855 

23 

9.S2S72 


9.96 028 

10,03 972 

9.86 844 

24 

9.82 SS5 


9.96053 

10.03 947 

9.86 832 

25 

9.82 S99 


9.96078 

10.03922 

9.86 821 

26 

9.S2 913 


9.96 104 

10.03896 

9.86 809 

27 

9.S2 927 


9.96 129 

10.03 871 

9.S6798 

28 

9.82 941 


9.96 155 

10.03 845 

9.86786 

29 

9.82 955 


9.96 180 

10.03 820 

9.S6775 

30 

9.82 968 


9.96205 

10.03795 

9.86763 

31 

9.82 982 


9.96 231 

10,03769 

9.86 752 

32 

9.82 996 


9.96256 

10.03 744 

9.86740 

|33 

9.83 010 


9.96281 

10.03 719 

9.86 728 

|34 

9.83 023 


9.96307 

10.03 693 

9.86 717 

35 

9.83 037 


9.96 332 

10.03 668 

9.86705 

36 

9.83 051 


9.96 357 

10.03 643 

9.86 694 

37 

9.83 065 


9.96 383 

10.03 617 

9.86 682 

38 

9.83 078 


9,96408 

10.03 592 

9.86 670 

|39 

9.83 092 


9.96 433 

10.03 567 

9.86659 

;4D 

9.83 106 


9.96 459 

10.03 541 

9.86 647 

*41 

9.83 120 


9.96484 

10.03 516 

9.86 635 

42 

9.83 133 


9.96 510 

10.03490 

9.86 624 

43 

9.83 147 


9.96 535 

10.03465 

9.86 612 

44 

9.83 161 


9.96560 

10,03440 

9.86600 

45 

9.83 174 


9.96 586 

10.03414 

9.86589 

46 

9.83 188 


9.96 611 

10.03 389 

9.S6 577 

i47 

9.83 202 


9.96 636 

10.03 364 

9.86565 

48 

9.83 215 


9.96 662 

10.03 338 

9.86 554 

149 

9.83 229 


9.96687 

10.03313 

9.86 542 

50 

9.83 242 


9.96712 

10.03 288 

9.86530 

151 

9.83 256 


9.96738 

10.03 262 

9.86 518 

52 

9.83 270 


9.96763 

10.03 237 

9.86 507 

153 

9.83 283 


9.96 788 

10.03212 

9.86495 

154 

9.83297 


9.96 814 

10.03 186 

9.86 483 

55 

9.83 310 


9.96839 

10.03 161 

9.86472 

156 

9.83 324 


9.96 864 

10.03 136 

9.86 460 

[57 

9.S3 338 


9.96890 

10.03 110 

9.86448 

58 

9.83351 


9.96915 

10.03 085 

9.86 436 

59 

9.83365 


9.96940 

10.03 060 

9.86425 

60 

9.83378 


9.96966 

10.03034 

9.86413 


LCos 1 

d 

LCtn 

L Tan 

LSin 


26 

5.2 

Is 

10.4 
13.0 
15.6 
18.2 
20.8 

23.4 


25 

5.0 

7.5 

10.0 

12.5 

15.0 

17.5 

20.0 



14 

13 

2 

2.8 

2.6 

3 

4.2 

3.9 

4 

5.6 

5.2 

o 

7.0 

6.5 

6 

8.4 

7.8 

7 

9.8 

9.1 

8 

11.2 

10.4 

9 

12.6 

11.7 


12 

11 

2 

2.4 

2.2 

3 

3.6 

3.3 

4 

4.8 

4.4 

5 

6.0 

0.5 

6 

7.2 

6.6 

7 

8.4 

7.7 

8 

9.6 

8.8 

9 

10.8 



From the iop: 

For42^-or222®% 
read as printed; for 
132°+ or 312®+ read 
co-function. 

From the hoUom: 

For47°+or227®+» 
read as printed; for 
137°+ or 317°+ read 
co-function. 


Prop, Pts. 

47° — Logarithms of Trigonometric Functions 



in 


43® — Logarithms of Trigonometric Functions 


89 


h Sin 

L Tan c 

9. S3 378 

9.90 9GG 


9.96 991 

o,,s3 405 

9.97 016 ^ 

9.>3 4I9 

9.97 042 - 

9.S3432 

9.97 067 

9.S3 44G 

9.97 092 

9.S3 459 

9.97 1 IS 

9.83 473 

9.97 143 

9.83 4S0 

9.97 IGS 

9.S3 500 

9.97 193 

9.83 513 

9.97219 

9.83 527 

9.97 244 

9.83 540 

9.97 209 

9. S3 554 

9.97 295 

9.83 567 

9,97320 

9.S3 5S1 

9.97345 

9.S3 594 

9.97 371 

9.83 608 

9.97396 

9.83 621 

9.97421 

9.S3 634 

9.97447 

9.S3 64S 

9.97472 

9.S3 661 

9.97497 

9.83 674 

9.97523 

9.S3 ess 

9.97 54S 

9.S3 701 

9.97 o73 

9.83 715 

9-97598 

9.S3 72S 

9.97 624 

9.83741 

9,97 649 

9.83 755 

9.97 674 

9.83 76S 

9,97700 

9.83 781 

9.97725 

9.S3 795 

9.97750 

9.S3 SOS 

9.97776 

9.83 821 

9.97 801 

9.83 834 

9.97 826 

9.S3 848 

9.97 851 

9.S3 861 

9.97 877 

9.83 874 

9.97902 

9.83 SS7 

9.97927 

9.83 901 

9.97 953 

9.S3 914 

9.97 978 

9.83 927 

9.9S003 

9.83 940 

9.98029 

9.83 954 

9.98054 

9.83 967 

9.9S079 

9.S3 9S0 

9.9S 104 

9.S3 993 

9.98 130 

9.84 006 

9.9S 155 

9.S4 020 

9-98 ISO 

9.84 033 

9.98206 

9.S4046 

9.98 231 

9.S4059 

9.98 256 

9.84072 

9.98281 

9.84085 

9.98307 

9.84098 

9.98332 

9-84112 

9.98357 

9.S4 125 

9-98383 

9.84 13S 

9.98408 

9.S4151 

9.98433 

9.84 164 

9.98458 

9.S4 177 

9.98484 

LCos 

LCtn 


L Ctn L Cos d 


10.03034 

io.ua 

10.02 y>4 
10.02 95S 
10.02933 
10.02 90S 
10.02 SS2 
10.02 S57 
10.02 S32 
10.02 SOT 
10.02 7S1 
10.02750 
10.02731 
10.02705 


O.Srjay* 
9.>03T7 
9.S0 300 
9.S0 354 
y.SO 342 
9.S033O 
o.soaiN 
O.sO 300 
9.SG29.5 
9.S025.3 
9.SG 271 
S.S6 259 


60 


cd 


10.02 GhQ 9.NG247 

10.02 655 9.SG2.35 

10.02 G29 
10.02604 
10.02579 
10.02553 

10.02 52S 
10.02503 
10.02477 
10.02452 
10.02427 
10.02402 
10.02376 
10.02351 
10.02326 
10.02300 

10.02 275 
10.02250 

10.02 224 
10.02 199 
10.02 174 
10.02 149 

10.02 123 

10.02 09S 

10.02 073 

10.02 047 
10.02022 
10.01 997 
10.01 971 
10.01946 
10.01 921 
10.01 896 
10.01 870 
10.01 845 
10.01 820 
10.01794 
10.01 769 
10.01744 
10-01719 
10.01 693 
10.01 668 
10.01 643 
10.01 617 
10.01 592 
10.01567 
10.01542 
10-01 516 
LTan 


9.SG223 
9.SG2il 
9.86200 
9.SG 18S 
9.S6 17G 
9.S6 1G4 
9.S6 152 
9.SG 140 

9.86 12S 
9.S6 IIG 
9.8G 104 
9.86092 
9,86080 

9.86 06S 
9.86056 
9.86044 
9.S6032 
9.86020 

9.86 OOS 
9.S5 996 
9.S5 9S4 
9.85 972 
9.85 960 
9.85 94S 
9,85936 
9.85 924 
9.85 912 
9.S5900 
9.85 SSS 
9.85 876 
9.S5 864 
9.85 851 
9.S5 839 
9.85 827 
9.S5S15 
9.85 803 
9.85791 
9.85779 
9.85766 
9,85754 
9.S5 742 
9.85730 
9.85718 
9.55706 
9.85693 

Sin I 


^I^rop, Pis. 


m i 25 


:,;.4 i jj 


14 

2.S 

4.2 

r».t> 

7,h 

>A 

11.2 

12,G 


13 

2. G 

3 . ;> 


9.1 

WA 

il.7 


12 I 11 
2.4 1 2.2 


3.6 

I 

8.4 

9.6 

1U.8 


;.3 

4.4 


8.S 

9.9 


From the tr>p: 
For43=-or223** 
read as printed: for 
133®^ or 313=^ Mead 
co-functicii. 

From tie 'rotiom: 

For46®-^or22S=% 
read as printed; for 
136®^ or 316=% read 
co-function. 


Pr#p- Pts. 


lY^tyarifliTTia nf THcrnTiAniptrif' FiiTirtiilTifi 
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LSin 1 

d LTan j 

cd 

LCtn 

LCos ! 

d 

Prop. Pts. 


9.S4 177 

9.9S4S4 


10.01516 

9.85693 






9.84 190 

9.98509 


10.01491 

9.85 681 






9.84203 

9.98534 


10.01466 

9.85669 






9.84216 

9.9S560 


10.01440 

9.85 657 






9.84229 

9.98585 


10.01415 

9.85645 






9.84242 

9.98610 


10.01390 

9.85632 



26 

25 


9.8-1255 

9.98635 


10.01365 

9.85620 


o 

5.2 

7.8 

10.4 

13.0 

5^ 


9.84 2G9 

9.98661 


10.01339 

9.85 60S 


3 


9.84282 

9.98686 


10.01314 

9,85 596 


4 

i ♦O 

10.0 

12.5 


9.84 295 

9.98711 


10.01 289 

9.85 583 


5 

10 

9.S430S 

9.98737 


10.01 263 

9.85571 


0 

15.6 

15.0 

11 

9.84321 

9.98762 


10.01 23S 

9.85 559 


7 

18.2 


12 

9.84334 

9.98 787 


10.01213 

9.85 547 


S 

20.8 

20,0 

13 

9.84347 

9.9SS12 


10.01 188 

9.85 534 


9 

23.4 

14 

9.84360 

9.98 838 


10.01 162 

9.85522 




15 

9.84373 

9.98 863 


10.01 137 

9.85 510 





16 

9.84 3S5 

9.98 8SS 


10.01 112 

9.85497 



14 

13 

17 

9.84 398 

9.98913 


10.01087 

9.85 4S5 



18 

9.84411 

9.98939 


10.01 061 

9.85473 


2 

2.8 

2.6 

19 

9.84424 

9.98964 


10.01 036 

9.85460 


3 

4.2 

3.9 

20 

9.84437 

9.98 989 


10.01011 

9.85 448 


4 

5 

5.6 
7.0' 
8.4 
9.8 

11.2 

12.6 

5.2 

6.5 

7.8 

9.1 

10.4 

11.7 

21 

9.84450 

9.99 015 


10.00985 

9.85436 



00 

9.84463 

9.99040 


10.00960 

9.85423 


0 

23 

9.84476 

9.99065 


10.00935 

9.85411 


8 

91 

24 

9.S4489 

9.99 090 


10.00910 

9.85399 


25 

9.S4502 

9.99116 


10.00884 

9.85386 


26 

9.84 515 

9.99 141 


10.00859 

9.S5 374 





27 

9.84528 

9.99 166 


10.00 834 

9.85361 





2S 

9.84540 

9.99 191 


10.00809 

9.85349 



12 

29 

9,84553 

9.99217 


10.00783 

9.85 337 



2.4 

30 

9.84 566 

9.99242 


10.00758 

9.85324 



3.6 

31 

9.84 579 

9.99267 


10.00733 

9.85312 



4.8 

32 

9.84 592 

9.99293 


10.00707 

9.85299 



0.0 

33 

9.84 605 

9.99318 


10.00682 

9.85287 




34 

9.84618 

9.99343 


10.00657 

9.85274 



8.4 

35 

9.S4630 

9.99368 


10.00632 

9.85262 



9.6 

10.8 

36 

9.S4643 

9.99394 


10.00606 

9.85250 



37 

9.84 656 

9.99419 


10.00581 

9.85 237 





38 

9.84669 

9.99444 


10.00556 

9.85225 





39 

9.S46S2 

9.99469 


10.00531 

9.85212 





40 

9.84694 

9.99495 


10.00505 

9.85200 





41 

9.S4707 

9.99520 


10.00480 

9.85 187 





42 

9.84720 

9.99545 


10.00455 

9.85 175 


From the ton: 

43 

9.84733 

9.99 570 


10.00 430 

9.S5 162 





44 

9.84745 

9.99596 


10.00404 

9.85 150 



45 

9.84758 

9.99621 


10.00379 

9.85 137 


read as printed; for 

46 

9.84771 

9.99646 


10.00354 

9.85 125 


134°- or 314°+ read 

47 

9.84 784 

9.99672 


10.00328 

9.85 112 


fto-fiinction. 

48 

9.84 796 

9,99697 


10.00303 

9.85 100 





49 

9.84 809 

9.99 722 


10.00278 

9.85 087 





50 

9.84822 

9.99747 


10.00253 

9.85 074 


From tne mum: 

51 

9.84835 

9.99773 


10.00227 

9.85062 


For45°+or225°+ 

52 

9.84 847 

9.99 798 


10.00202 

9.85 049 


read as printed; fear 

53 

9.84860 

9.99823 


10.00177 

9.85 037 


54 

9.84873 

9.99848 


10.00152 

9.85024 


135°- or 315°+, read 

55 

9.84 885 

9.9#874 


10.00126 

9.85012 


co-function. 

56 

9.84 898 

9.99899 


10,00101 

9.84999 





57 

9.84 911 

9.99924 


10.00076 

9.84 986 





58 

9.84 923 

9.99949 


10,00051 

9.84 974 





|59 

9.84 936 

9.99975 


10.00025 

9.84961 





160 

9.84 949 

10.0000 


10.00000 

9.84949 






LCos I 

Id LCtn 

led 

1 L Tan 

1 LSis 1 

Id 

Prop. Pts. 


45° — LoSdrithms nf TricjATinTna+rii* 



IV] Table IV — Degrees, Minutes, and Seconds to Badians 91 


Degrees 


Miniites | Seconds 


0~ ; Oj}'Kn>0 Ui) 60“ 

1 ' 174 5 33 61 

^ 61.’ 

3 0.06235 m 63 

4 0.06981 32 64 

6 0.0S726 65 65 
i 6 y.liM71 9S 66 
; 7 0.12217 30 67 

s 0.131W2 63 6S 
9 0.15707 96 69 

10 0.17453 29 70 

11 0.1919b G2 71 

12 0.20943 95 72 

13 0.226S9 2S 73 

14 0.24434 61 74 , 

15 0.26179 94 75 : 

16 0.27925 27 76 I 

17 0.29670 60 77 i 

18 0.31415 93 7S i 

19 0.33161 26 79 

20 0.34906 59 80 

21 0.36051 91 SI 

22 0.3S397 24 S2 

23 0.40142 57 8:3 

24 0.41SS7 90 S4 

25 0,43633 23 85 

26 0.4537S 56 SO 

27 0.47123 S9 S7 
2S 0.4SS69 22 8S 

29 0.50614 55 89 

30 0.52359 SS 90 

31 0.54105 21 91 

32 0.55850 54 92 

33 0.57595 87 93 

34 0.59341 19 94 

35 0.61086 52 95 

36 0.62S31 So 96 

37 0.64577 IS 97 
3S 0.66322 51 9S 

39 0.GS067 S4 09 

40 0.69S13 17 100 

41 0.71558 50 101 

42 0.73303 S3 102 
418 0.75049 16 103 

44 0.76794 49 104 

45 0.7S539 S2 105 

46 0.S02S5 15 106 

47 0.S2030 47 107 
4S 0.S3775 SO lOS 
49 0.S5521 13 109 

60 0,87266 46 110 

51 0.S9O1179 111 

52 0.90757 12 112 

53 0.92502 45 113 

54 0.94247 7S 114 

55 0.95993 11 115 

56 0.9773S44 116 

57 0.994S3 77 117 

58 1.01229 10 118 

59 1.02974 43 119 

60 1.04719 76 120 


1.U47I9 76 
l.Mr.i4i'..5 OS 
l.t'lS2I04I 
1,09955 74 
1-11701 07 

1-13446 40 
1.15191 73 
1.16937 06 
l.iS0S2 39 
1.20427 72 

1.22173 05 
1.23918 3Sj 
1.2566:1 71 1 
1.27409 04 i 
1.29154 36 

1-30S99 69 
1.32645 02 
1.34390 35 
1.36135 GS 
1.37SS1 01 


2.11 ls4 SI 
2.12?f 17 

2.14675 50 
2.16420 83 


2.1SU>> 16 
2,mn 1 49 
2.21656 82 
2-23402 14 
2.25147 47 


1.39626 34 
1.41371 67 
1.43117 00 
1.44S62 33 
1.46607 66 
1.4S352 99 
1.50098 32 
1.51S43 64 
1,5,3588 97 
1.55334 30 

1,57079 63 
1.5SS24 
1.60,370 29 
l.r5231o 62 
1.64060 95 
1.65S06 28 
1.07551 61 
1.69296 94 
1.71042 27 
1.72787 60 

1.74532 93 
1-7G27S 25 
1.7S023 58 
1.79768 91 163 
1.81514 24 164 
1.S3259 57 166 
1.85004 90 166 
1.8*3750 23 167 
1.SS495 56 168 
1.90240 S9 169 

1.919S6 22 170 
1.93731 55 
1.95476 88 
1.97222 21 
1.9S967 53 


2.26S92 SO 
2.2S63S 13 
2.:i03b3 46 

2.. 32128 79 
2.:i3S7412 14 
2.;i5619 45 15 

2.. 37364Tb 16 
2.39110 11 17 
2.40.S55 44 IS 
2.42600 77 19 

2.44346 10 20 
2.4009142 21 
2.47836 75 22 
2.495S2 0S Si 
2.51327 41 24 
2.53072 74 25 

2., j4SlS07 26 
2.56563 40 
2.58,308 73 |2S| 
2.60054 06 ‘ 
2.6179939 
2.63544 72 
2.65290 05 
2.67035 38 
2.6S7S07D 


0 y.OU'i.MWf ^>1/ 

1 «^J>!N.'29 \i9 
2i ’* v^<.HJ5s Is 
.3 O.IMH.IST 27 

4 0.00116,36 

5 0.<X)145 44^ 

6 *).Wi74 5.3 

7 0.0*120.3 62 
S O.W2,32Tl 
9 0.W261S0 

10 0.{KI290 89 

11 0m>19 9s 

12 0.(xm9 07 

13 0.fX1.37S 15 

14 0.00107 24 

15 0.*>,>436.33 

16 0.lH.iO;5 42 

17 U.U0494 51 
IS 0.00523 

19 0.00552 69 


0.00581 78 
0.0i>610 87 
0.00639 95 
0.00669 04 
0.00698 13 


0.00727 22 
0.00756 31 
0.00785 40 
O.OOS14 49 
0.00S43 5S 


30 0.00872 66 

31 0.0090175 

32 0.009SOS4 

33 0.00959 93 
,34 0.009S9 02 


2.70526 03 
2.72271 36 
2.74016 69 
2.75762 02 
2.77507 ,35 


2.79252 6S 
2,80998 01 
2.82743 34 
2.84488 67 
2.S6234 00 


2.87979 33 
2.S9724 66 
2.91469 99 
2.93215 31 
2.94960 64 


O.OIOIS 11 
0.01047 20 

37 0.01076 21^ 

38 0.01105 38 

39 0.01134 46 

40 0.01163 5,5 

41 0.01192 64 

42 0.01221 73 

43 0.01250 821 

44 0.01279 911 

45 0.01309 00 

46 0.01338 09 

47 0.01367 17 

48 0.01396 26 

49 0.01425 35 


2.00712 86 
2.02458 19 
2.04203 52 177 
2.05948 85 17S 
2.07694 IS 179 




2.96705 97 
2.98451 30 
3.00196 63 
3.01941 96 
3.030S7 29 

3.05432 62 
3.07177 95 
3.0S923 2S 
3.1066S 61 
3.12413 94 

3.14159 27 


0 0.01454 44 

1 0.014S3 53 

2 0.01512 621 
53 0.01541 71; 
.54 0.01570 SO; 

55 0.01599 

56 0.01G2S97 

57 0.01658 06 

58 0.016S7 15 

59 0.01716 24 


601 0.01745 33 


0 

0.0lKX>t> Ot.) 

1 

n.0*XR>{i! 4S 

1* 

(f.OCWjOi’? 97 

3 

0.00001 45 

4 

0.00001 94 

5 

0.00002 42 

6 

0.00*; .H/2 91 

7 

0,(KX)0:j 39 

8 

OMr/xi kn 

9 

0.0(K:h34 36 

10 

0.0(XX)4 S5 

11 

0.00005 33 

12 

0.*)<XX)5 82 

13 

0.0«X>06 30 

14 

0.00006 79 

15 

0.00007 27 

16 

0.00007 76 

17 

0.t3*X)08 24 

18 

OXMXKiS 73 

19 

0.0OtK,8>21 

20 

0-00009 70 

21 

0.00010 IS 


0.ti*xa0 67 

■23 

O.CXXJll 1,-, 

24 

o.ooon 64 

25 

0.00012 12 

26 

0Mm 2 61 

27 

0.00013 09 

28 

0.00013 57 

29 


30 

0.00014 M 

:u 

o.o*x}i5 m 

321 

0.00015 51 

'33 

0.00016 00 

^34 

a(.K)016 4S 

35 

0.00016 97 

36 

0.00017 45 

.37 

0.0<xir 94 

38 

0.f!O':'IS42 

39 

0.^)018 91 

40 

O.OOCa9 39 

41 

o.Oi:*oi9 SS 

42 

1 o.;v>,'‘2':^ 36 

43 

vl.0002t) 

44 

0,0*X>2I 33 

45 

0,CKX121 82 

46 

0.0*1*322 30 

47 

0.00022 79 

4S 

OInym 27 

49 

0.00023 76 

50 

0.00024 24 

51 

0.0*3024 73 

52 

0.*XXt25 21 

53 

0.tMXr25 70 

54 

0.W026 IS 

55 

0.00*1^26 66 

56 

i).<Kk;--27 15 

57 

0.'>L!i)27 63 

5S 

0.m3*}2S 12 

59 

0.0*>028 6l‘:- 

60 

0.00029 09 










X Radians 


Table V — Radian Measure — Trigonometric Functions [y 



23'^ 29'.5 
24° 03',9 
24° 38'.2 


25° 12',6 
25° 47'.0 
26° 21'.4 


26° 55'.7 
27° SO'.l 
28° 04'.5 






.2 




cs 

Sin X 

Cos X 

Tan* 





H 





.47943 

.87758 

.54630 

.51 

-4SS1S 


.55936 

.52 

.49688 

.86782 

.57256 

.53 

.50553 

-86281 

.58592 


-51414 

.85771 

.59943 

•o5 

.52269 

.85252 

.61311 

.56 

.53119 

.84726 

.62695 

.57 

,53963 

.84190 

.64097 

.58 

,54802 

.83646 

.65517 i 

.59 

.55636 

.83094 

.66956 

.60 

.56464 

.82534 


.61 

.57287 

.81965 

.69892 

.62 

.58104 

.81388 

.71391 

.63 

.58914 

.80803 

.72911 

.64 

.59720 

.80210 

.74454 

.65 

.60519 

.79608 

-76020 

.66 

.61312 

-78999 

.77610 

,67 

.62099 

.78382 

.79225 

.68 

.62879 

.77757 

.80866 

.69 

.63654 

.77125 

.82534 

.70 

.64422 

.76484 

.84229 



34° 57'.0 
35° 3^.4 
36° 05'^ 

36° 40'^ 
37° 

37° 48^9 

38° 23',3 
38° 57',7 
39° 32^,0 


.65183 

.75836 

.85953 

40° 4(r.8 

.65938 

.75181 

.87707 

41° 15'.2 

.66687 

.74517 

.89492 

41°49'.6 

.67429 

.73847 

,91309 

42° 23'.9 

.68164 

.73169 

.93160 

42° 58^3 

.68892 

.72484 

.95045 

43° 32'.7 

,69614 

.71791 

.96967 

44° 07M 

.70328 

.71091 

.98926 

44° 4r.4 

.71035 

.70385 

1.0092 

45° WJ& 


I 



53° 51'.5 
54° 25^9 
55° 0(y.2 


55° 34^6 
56° OO'.® 
56°43\4 

































































Raciian Measure — Trigonometric Functions 




»• radians 1 radian = ST” 17' 44".S06 *= 57.=295779S 

V * 3.14159265 3G00" = eCK =» 1° = 0.01745329 radian 

♦I right angle =* 90® = x/2 radians = 1.5707963 radians 

Table Va — Radians to Degrees 



Equivalent 
of X 













































94 


Table VI — Powers — Roots — Reciprocals 


Dl 


11 


\n 

aon 



\10 n 

<100 n 

l/n ' 







2.15443 

4.64159 

l-i)00(M> 

1.01 

1.02 

1.03 

1.0201 

1.0404 

1.0609 

1.00499 

1.00995 

1-01489 

3-17S05 

3.19374 

3.20936 

1.03030 

1.06121 

1.09273 

1.00333 

1.00662 

1.00990 

2.16159 

2.16S70 

2.17577 

4.65701 

4.67233 

4.6S755 

.9S0392 

.970874 

1.04 

1.05 

1.06 

1,0816 

1.1025 

1.1236 

1.01980 

1.02470 

1.02956 

3.22490 

3.24037 

3.25576 

1.12486 

1.15762 

1.19102 

1.01316 

1.01640 

1-01961 

2.18279 

2.1S976 

2.19669 

4.70267 

4.71709 

4.73262 

.961538 

-952381 

.9433% 

1.07 

l.OS 

1.09 

1.1449 

1.1664 

1.1881 

1.03441 

1.03923 

1.04403 

3.27109 

3.28634 

3.30151 

1.22504 

1.25971 

1.29503 

1.02281 

1.02599 

1-02914 

2.20358 

2.21042 

2.21722 

4.74746 

4.76220 

4.77686 

.934579 

.925926 

.917431 

Pgfil 

1.2100 

1.04S8I 

3.31662 

1.33100 

1.0322S 

2.22398 

4.79142 

.909091 

nffi 

Qly 

1.2321 

1.2544 

1.2769 

1.05357 

1.05830 

1.06301 

3.33167 

3.34664 

3.36155 

1.36763 

1.40493 

1.44290 

1.03540 

1.03850 

1.04158 


4.S0590 

4.8202S 

4.83459 

.900901 

.892857 

.884956 

1.14 

1.15 

1.16 

1.2996 

1.3225 

1.3456 

1.06771 

1.07238 

1.07703 

3.37639 

3.39116 

3.405S8 

1.48154 

1.52088 

1.56090 

1.04464 

1,04769 

1.05072 

2.25062 

2.25718 

2.26370 

4.84881 

4.86294 

4.87700 

.877193 

-S69565 

.862069 

1.17 

1.18 
1-19 

1.3689 

1.3924 

1.4161 

1.08167 

1.0S628 

1.09087 

3.42053 

3.43511 

3.44964 

1.60161 

1.64303 

1-68516 

1.05373 

1.05672 

1.05970 

2.27019 

2.27664 

2.28305 

4.89097 

4.90487 

4,91868 

.854701 

.847458 

.840336 

1.20 

1.4400 

1.09545 

3.46410 

1.72800 

1.06266 

2.28943 

4.93242 

.833333 

1.21 

1,22 

1.23 

1.4641 

1.4884 

1.5129 

1.10000 

1.10454 

1.10905 

3.47851 

3.49285 

3.50714 

1.77156 

1.81585 

1.86087 

1.06560 

1.06853 

1.07144 

2.29577 

2.30208 

2.30835 

4.94609 

4.95968 

4.97319 

.826446 

.819672 

.813008 

1.24 

1.25 

1.26 

1.5376 

1.5625 

1.5876 

1.11355 

1.11803 

1.12250 

3.52136 

3.53553 

3.54965 

1.90662 

1.95312 

2.00038 

1.07434 

1.07722 

1.08008 

2.31459 

2.32079 

2.32697 

4.98663 

5.00000 

5.01330 

.806452 

.800000 

.793651 

1.27 

1.2S 

1.29 

1.6129 

1.6384 

1.6641 

1.12694 

1.13137 

1.13578 

3.56371 

3.57771 

3.59166 

2.04838 

2.09715 

2.14669 

1.08293 

1.08577 

1.08859 

2.33311 

2.33921 

2.34529 

5.02653 

5.03968 

5.05277 

.787402 

.781250 

.775194 

1.30 

1.6900 



2.19700 

1.09139 

2.35133 

5.06580 


1.31 

1.32 

1.33 

1.7161 

1.7424 

1.7689 

1.14455 

1.14891 

1.15326 

3.61939 

3.63318 

3.64692 

2.24809 

2.29997 

2.35264 

1.09418 

1.09696 

1.09972 

2.35735 

2.36333 

2.36928 

5.07875 

5.09164 

5.10447 

.763359 

.757576 

.751880 

1.34 

1.35 

1.36 

1.7956 

1.8225 

1.8496 

1.15758 

1.16190 

1.16619 

3.66060 

3.67423 

3.68782 

2.40610 

2.46038 

2.51546 

1.10247 

1.10521 

1.10793 

2.37521 

2.38110 

2.3S697 

5.11723 

5.12993 

5.14256 

.746269 

.740741 

.735294 

1.37 

1.3S 

1.39 

1.8769 

1.9044 

1 1.9321 

1.17047 

1.17473 

1.17898 

3.70135 

3.71484 

3.72827 

2.57135 

2.62807 

2.68562 

1.11064 
i 1.11334 
1.11602 

2.39280 

2.39861 

2.40439 

5.15514 

5.16765 

5.1S010 

.729927 

.724638 

.719424 

Pg!«l 



3.74166 

2.74400 

I 1.11869 

2.41014 

5.19249 

.714286 

1.41 

1.42 

1.43 

1.9881 

2-0164 

2.0449 

1.18743 

1.19164 

1.19583 

3.75500 

3.76829 

3.78153 

2.80322 

2.86329 

2.92421 

1.12135 

1.12399 

1.12662 

2.41587 

2.42156 

2.42724 

5.20483 

5.21710 

5.22932 

.709220 

.704225 

.699301 

1.44 

1.45 

1.46 

2.0736 

2.1025 

2.1316 

1.20000 

1.20416 

1.20830 

3.79473 

3.80789 

3.82099 

2.98598 

3.04862 

3.11214 

: 1.12924 
1.13185 
' 1.13445 

2.43288 

2.43850 

2.44409 

5.24148 
5.25359 
i 5.26564 

.694444 

.689655 

.684932 

1.47 

1.48 

1.49 

2.1609 

2.1904 

2.2201 

1.21244 

1-21655 

1.2^66 

3.83406 

3.84708 

3.86005 

3.17652 

3.24179 

3.30795 

1.13703 

1.13960 

1.14216 

2.44966 

2.45520 

2.46072 

^ 5.27763 
: 5.28957 

1 5.30146 

.680272 

.675676 

.671141 

m 

2.2500 

1.22474 

3.87298 

3.37500 

1.14471 


5.31329 

.666667 
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^10 n 

000212 

























































































Powers — Roots — Reciproauls 


n 

n' 


^l()^ 

rv 


\ 10 n 

^iOOn. 

1 n 

1.50 

2.2500 

1.L’-474 



2. Iv-62i 

'5,31.C9 


1/-2 

2.2"'}! 

2.3104 

2.3400 

I.22NyJ 

1.2328S 

1223693 

.>.S>5>7 

3.^9^72 

3.91152 

•>.‘l 

3.511 M 
3.5815S 

1.14725 

1.1497S 

1.152,30 

'2.17 

2,47712 

2.4.S255 

,j. >25(.C 
52>36*8J 
5.34848 

.t:57 <C 

1.54 

1.55 
IM 

2.3716 

2.4025 

2.4336 

1.24097 

1.24499 

1.24900 

3.9242S 

3.‘j;>700 

3.949GS 

3.65226 

3.723S8 

3.79642 

1.15180 

1.15729 

1.15978 

2.4^794 

2.41K67 

5.,360n 

5.37169 

5.38321 

,645161 

.I^V41026 

B 

2.4649 

2.4064 

2.52S1 

1.25300 

1.2569S 

1.2G095 

3.96232 

3.97492 

3.9S74S 

3.S09S9 

3.94431 

4.0196S 

1.16225 

1.16171 

1.16717 

2,56.399 

2.5f'«*;)3Ct 

2.51458 

5.39469 

5.406>12 

5.417.50 

,635§43 

,ai29Il 

.628931 


2.5600 

1.26491 

4.(XHXK> 

4xmm 

1.16961 

2.519;>4 

5.428M 

■Qm 

1.61 

1.62 

i.G3 

2.5921 

2.G244 

2.65G9 


4.0124S 

4,02492 

4.03733 

4.1732S 

4.25153 

4.33075 

I.I7204 

1.17416 

1.176S7 

2.,';-255 iS 

‘Z 53549 

,^.4 i;'‘I2 
5.45136 
5.46256 

172^4 

.613497 

1.64 

1.65 

1.66 

2.6S06 

2.7225 

2.7556 

1.2S062 

1.2.S452 

1.2SS41 

4.04969 

4.06202 

4.07431 

4.41094 

4.49212 

4.57430 

1.17927 

1.18167 

1-Ib4a5 

2.540f»7 

2.54,582 

2.55005 

5.47370 

5.484''2 

5,4958<1 

.6<.>jr56 

.»>02410 

1.67 

1.08 

1.69 

2.7SS9 

2,8224 

2IS561 

1.2922S 

1.29615 

1.30000 

4.08656 

4.09S7S 

4.11096 

4.65746 

4.74163 

4.S26S1 

1.18642 

1.18878 

1.19114 

2.55607 

2.56116 

2.56623 

5.506^8 

5.517S.1 

5.52877 

.598S02 

.595238 

,591716 

HQ 


1.30384 

4.12311 


1.1934> 

2.,’ 71-”^ 



1.71 

1.72 

1.73 

2.9241 

2.05S4 

2.9029 

1,30767 

1.31149 

1.31529 

4.13521 

4.14729 

4.15933 

5.0U021 

5.0.8,845 

5.17772 

1.195S2 

1.19815 

1.20040 

2..3763I 

2.5>^i;i3 

2.5^:)32 

5,55950 

5.56130 

20'j 

.5h4795 

.581395 

.578035 

1.74 

1.75 

1.76 

3.0276 

3.0625 

3.0976 

1.31909 

1.322SS 

1.32665 

4.17133 

4.1S330 

1 4.19524 

5.26S02 

5.3593S 

5.45178 

1.20277 

1.20507 

1.20736 

2.59129 
2.59625 
2.601 IS 

5.5S277 

5.59344 

5.*X^)S 

.574713 

.571429 

.56SIS2 

1.77 

1.78 
1.70 

3.1329 

3.16S4 

3.2041 

1.33041 

1.33417 

1.33791 

i 4.20714 

1 4.21900 

1 4.230S4 

5.54523 

5.63975 

5.73534 

1.20964 

1.21192 

1.2141S 

2.60610 
2.61 IW 
2.61,388 

5.61467 

5.0/2523 

5.6,3574 

.564972 

.561798 

..55S659 

fiig 

3.2400 

1.34164 

1 4.24264 




liigoIWi 


1.81 

1.52 

1.53 

3.2761 

3.3124 

3.34S9 

1.34530 

1.34907 

1.35277 

4.25441 

4.26615 

4.277S5 

5.92974 

6.02>57 

6.12849 

1.21869 

1.22093 

1.22316 

2.62559 

2.6:5041 

2.a3o22 

5.a5uf.*5 

5.f:4:“05 

5.67741 

,5s>2486 

.549451 

.546448 

1.S4 

l.So 

1.S6 

3.3856 

3.4225 

3.4596 

1,35647 

1.36015 

1.363S2 

4-28952 

4.30116 

4.31277 

6.22950 

6.33162 

6.43486 

1.22539 

1J12760 

1.229S1 

2.64^301 

2.64479 

2.64954 

5.6STT3 

5.69802 

5.70827 

.54347S 

.,540,>41 

.537634 

1.87 

l.SS 

1.S9 

3.4969 

3.5344 

3.5721 

1.3674S 

1.37113 

1.37477 

4.32435 

4.33590 

4.34741 

6.53920 

6.64467 

6.75127 

1223201 

1.2342t) 

1.236,39 

2.6542S 

2.f590l 

2.66371 

5.71848 

5.728^]5 

5.73879 

.534759 

.531915 

.529101 

1.90 

3.6100 

1.37840 

4.35S90 

6.So9Ch) 

1.23856 

&B3Qi 


.526:116 

1 

3.64S1 

3.6S64 

3.7249 

l.;5S203 

1.38564 

1.38924 

4.37035 

4.38178 

4.39318 

6.967^7 

7.07789 

7.1S906 

1224073 

1224289 

1224505 

2.67307 

2.67773 

2.682;i7 

5.7,5897 

5.76900 

5.77900 

.523560 

..52:).S:i3 

.51Sl,'J5 

1.04 

1.95 

1.96 

3.7636 

3.8025 

3.8416 

1.392S4 

1.39642 

1.40000 

4.40454 

4.415SS 

4.42719 

7.30138 

7,41488 

7.52954 

1.24719 

1224933 

1.25146 

2.6S700 

2.69161 

2.69620 

5.7S896 

5.79889 

5.S0S79 

.515464 

.512821 

.510204 

1.97 

1.9S 

1.09 

3.8809 

3.9204 

3.9601 

1.40357 ^ 
1.40712 i 
1.41067 

4.43847 i 
4.44972 ! 
4.46094 

7.64537 

7.76239 

7.SS060 

1.25359 

1.25571 

1.257S2 

2.70078 

2.70534 

2.70989 

5.S1S65 

5.S2S4S 

5.S3S27 

.507614 

.505051 

.502513 



1.41421 

4,47214 


1225992 

2.71442 

5.S4S04 

.500000 

rz 

Tl“ 


VlO n 



\10rt 

>100 rt 

1 '-n 
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Pow^s — Roots — Reciprocals 


4.0401 1.41774 

4.0>04 1.42127 

4.1209 1.4247S 

4.1616 1.42S29 
4.2025 1.4317S 
4.2436 1.43527 

4.2S49 1.43S75 
4.3264 1.44222 
4.36S1 1.4456S 


.4100 I 1.44914 


4.4521 1.4525S 

4-4944 1.45602 
4.53G9 1.45945 

4.5796 1.462S7 
4.6225 1.46629 
4.6656 1.46969 

4.70S9 1.47309 
4.7524 1.4764S 
4.7961 1.479S6 


4.4Jsi30 

4.49444 

4.50555 

4.51664 

4.52769 

4.53S72 

4.54973 

4.56070 

4.57165 


4.59347 

4.60435 

4,61519 

4.62601 

4.636S1 

4.64758 

4.65833 

4.66905 

4.67974 


8.12060 

S.24241 

S.3G543 

S.4S966 

S.61512 

S.741S2 

S-S6974 

S.99S91 

9.12933 


yn 


I 1.25992 


1.26202 

1.26411 

1-26619 

1.26S27 

1.27033 

1.27240 

1.27445 

1.27650 

1.27854 


2.71442 

5.S4804 

2.71893 

2.72344 

2.72792 

2.73239 

2.73685 

2.74129 

2.74572 

2.75014 

2.75454 

5.S5777 

5.86746 

5.87713 

5.SS677 

5.S9637 

5.90594 

5.91548 

5.92499 

5.93447 



4.SS41 

4.92S4 

4.9729 

5.0176 

5.0625 

5.1076 

5.1529 

5.1984 

5.2441 

1.4SG61 

1.4S997 

1.49332 

1.49666 

1.50000 

1.50333 

1.50665 

1.50997 

1.51327 

4.70106 

4.71169 

4-72229 

4.73286 

4.74342 

4.75395 

4.76445 

4.77493 

4.78539 

5.2900 

1.51658 

4.795S3 


10,7939 

10.9410 

11.0896 

11.2394 

11.3906 

11.5432 

11.6971 

11.8524 

12.0090 


1.30256 

1.30452 

1.30648 

1.30843 

1.31037 

1.31231 

1.31424 

1.31617 

1.31S09 


2,80628 

2.81050 

2.81472 

2.81892 

2.82311 

2.82728 

2.83145 

2.83560 

2.83974 


6.04594 

6.05505 

6.06413 

6.07318 

6.08220 

6.09120 

6.10017 

6.10911 

6.11803 













































































Powers — Roots — Reciprocals 


sn I ^ 10 n 


SlOn :S;iCK)n| 


0.2500 

0.5001 


0.5504 

1.5b745 

5.01996 

0.4DUO 

1,59060 

5.U29in 

6.451G 

1.59374 

5.039S4 

6.5025 

1.59Cb7 

5.04975 

C.553G 

l.GOOOO 

5.059G4 

6.6049 

1.60312 

5.0G952 

6.05G4 

1.60624 

5.07937 

6.70SI 

1.60935 

5.0S920 

6.7600 

1.61245 

5,09902 








































































Powers — Soots — Seciprocals 




6.G9433 



33.0762 

33,3862 

33.6983 


1,47361 

3.17480 1 

6.83990 

1.47515 

1.47668 

1.47820 

3.17811 

3.18140 

3.18469 

6.84702 

6.85412 

6.86121 

1.47973 

1.48125 

1.48277 

3.18798 

3.19125 

3.19452 

6.86829 

6.S7534 

6.88239 

1.48428 

1.48579 

1.48730 

3.19778 

3.20104 

3.20429 

6.88942 

6.89643 

6.90344 



6.91042 


































































Powers — Roots — Redproeidis 


n- 1 ^n UlOnj I in tUbn iliidn} I 


12.3201 

12.3904 

12.4G09 

12.5316 

12.0025 

12.6736 

12.7449 

12.S104 

12.SSS1 


1.S7350 

1.S7G17 

1.S7SS3 

1.SS149 

1.SS414 

1.SS6S0 

1.SS944 

1.S9209 

1.S9473 


5.92453 
0.93296 
5.94 1 as 

5.94979 

5.95S19 

5.96G57 

0.97495 

o.osaai 

5.99100 


43.2430 1.51974 
43.0142 1.5211 S 
43.9S70 i.522t»2 

44.3619 1.524iM 
44.73S9 i. 52.549 

45.1 iso 1.52692 

45.4993 1.52S35 
45.SN27 1.52978 

40.208.1 1.53120 


3,2741^ s : 
3.27721* I ■ 
3.28039 I : 


3.29273 : 
3.295«mU ' 
3.21.,*S57 ' 


liiaififHiiiMimi 


13.0321 

1.3.1044 

13.1769 

13.2496 

13.3225 

13.3956 

13.46S9 

13.5424 

13.6161 


1.90000 

1.90263 

1.90526 

1.907SS 

1.91050 

1.91311 

1.91572 

1.91S;i3 

1.92094 


0-008:13 

0.01004 

6,02495 

6.03324 

6.04152 

6.04979 

6.05805 

6.06630 

0.07454 


47,0459 1.53404 
47 .437 9 1 .53545 
47.8321 1.53086 

4S.22S5 1.53S27 
48.6271 1.5390S 
49,0279 1.54109 

49.4309 1.54249 
49.S360 1.54389 
50.2434 1.54529 



14.2129 

14.2SS4 

14.3641 


1..50049 I 3.30 19S ; 7.24310 


14.5161 

14.5924 

14,6689 

14,7456 

14.S225 

14,8996 

14.9769 

15.0544 

15.1321 

1.95192 

1.95448 

1.95704 

1.95959 

1.96214 

1.96469 

1.96723 
1.96977 
i 1.97231 

6.17252 

6.1S061 

6.1SS70 

6.19677 

6.204S4 

6.21289 

6.22093 

6.22896 

6.23699 

15.2100 

1 1.97484 



55.3063 

55.7430 

56.1819 

56.6231 

57.0666 

57.5125 




3.:i0193 

smi 

3.;i049s 

3.308^J3 

3.31107 

3.31411 

3.31714 

3.32017 

3.32319 

3.32621 

3.32f»22 

7.i2t»:i7 
7.1 201^4 
7.13349 

r.HlXM 

7.14657 

7.153<J9 

7A5m3 

r.itxiio 

7.1725s 


3.33522 

3.33.S22 

3.34120 

3.34419 

3.34716 

3.35014 

3.35310 

3.3.5007 

3.3,5902 

T.p.nor 

r.l9s4U' 

7.204S3 

7.21125 

7.21705 

7.22405 

7.23043 

7.230s0 
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Powers — Roots — Reciprocals 


[\1 


n 

7^2 

Vn. 

\10n 

n3 1 

3' 

'Sn 

A 10 ri :\l(K)n 

In 

4.00 

16.0000 1 

2-OOCXX) 1 

6.32456 

64.0000 

1.5S740 

3.41995 1 

< .30fe0o 

.250000 

4.01 

4.02 

4.03 

16.0801 

16.1604 

16.2409 

2.00250 

2.00499 

2.00749 

6.33346 

6.34035 

6.34S23 

64,4812 

64.9648 

65.4508 

1.5SS72 

1.59004 

1.59136 

3.422S0 

3.42564 

3.42S4S 

7.37420 

7.38032 

7.3S644 

^249377^ 

.248750 

.248139 

4.04 

4.05 

4.06 

16.3216 

16.4025 

16.4836 

2.00998 

2.01246 

2.01494 

6.35610 

6.36396 

6.37181 

65.9393 

06.4301 

66.9234 

1.59267 

1.59399 

1.59530 

3.43131 

3.43414 

3.43697 

7.39254 

7.39SG4 

7.40472 

.247525 

.24^14 

.246305 

4.07 

4.0S 

4.09 

16.5649 

16.6464 

16.7281 

2.01742 

2.01990 

2.02237 

6.37966 

6,38749 

6.39531 

67.4191 

67.9173 

68.4179 

1.59661 

1.59791 

1.59922 

3.43979 

3.44260 

3.44541 

7.410SO 

7.41686 

7.42291 

.245700 

.24509S 

.244499 

4.10 

16.S100~ 

2.024S5 

6.40312 

68.9210 

1.60052 

3.44S22 

7.42896 

.243^ 

4.11 

4.12 

4.13 

16.8921 

16.9744 

17.0569 

2.02731 

2.02978 

2.03224 

6.41093 

6.41872 

6.42651 

69.4265 

69.9345 

70.4450 

1.601S2 

1-60312 

1.60441 

3.45102 

3.45382 

3.45661 

-'.43499 

7.44102 

7.44703 

.243309 

.242718 

.242131 

4.14 

4.15 

4.16 

17.1396 

17.2225 

17.3056 

2,03470 

2.03715 

2.03961 

6.43428 

6.44205 

6.44981 

70.9579 

71.4734 

71.9913 

1.60571 

1.60700 

1.60S29 

3.45939 

3.46218 

3.46496 

7.45304 

7.45904 

7,46502 

.241548 

.240964 

.240385 

4.17 

4.18 

4.19 

17.3889 

17.4724 

17.5561 

2.04206 

2.04450 

2.04695 

6.45755 

6.46529 

6.47302 

72.5117 

73.0346 

73.5601 

1.60958 

1.610S6 

1.61215 

3.46773 

3.47050 

3,47327 

7.47100 

7.47697 

7.48292 

.239S0S 

.239234 

.238663 

AJ20 

17.6400 

2.04939 


74.0880 

1.61343 

3.47603 


.2380^ 

4.21 
4 22 
4.23 

17.7241 

17.S0S4 

17.8929 

2.05183 

2.05426 

2.05670 

6.48845 

6.49615 

6.50384 

74.6185 

75.1514 

75.6870 

1.61471 

1.61599 

1.61726 

3.47878 

3.48154 

3.48428 

7.49481 

7.50074 

7.50666 

.237530 

.236967 

.236407 

4.24 

4.25 

4.26 

17.9776 

18.0625 

18.1476 

2.05913 

2.06155 

2.06398 

6.51153 

6.51920 

6.52687 

76.2250 

76.7656 

77.3088 

1.61853 

1.61981 

1.62108 

3.48703 

3.4S977 

3.49250 

7.51257 

7.51847 

7.52437 

.235849 

.235294 

.234742 

4.27 

4.28 

4.29 

18.2329 

18.3184 

18.4041 

2.06640 

2.06882 

2.07123 

6.53452 

6.54217 

6.54981 

77.8545 

78.4028 

78.9536 

1.62234 

1.62361 

1.62487 

3.49523 

3.49796 

3.50068 

7.53025 

7.53612 

7.54199 

.234192 

.233645 

.233100 




6.55744 

79.5070 

1762613 


7.54784 

.232^ 

4.31 

4.32 

4.33 

18.5761 

18.6624 

18.7489 

2.07605 

2.07846 

2.08087 

6.56506 

6.57267 

6.58027 

80.0630 

80.6216 

81.1827 

1.62739 

1.62865 

1.62991 

3.50611 

3.50882 

3.51153 

7.55369 

7.55953 

7.56535 

.232019 

.231481 

.230947 

4.34 

4.35 

4.36 

18.8356 

18.9225 

19.0096 

2.08327 

2-0S567 

2.08806 

6.58787 

6.59545 

6.60303 

81.7465 

82.3129 

82.8819 

1.63116 

1.63241 

1.63366 

3,51423 

3.51692 

3.51962 

7.57117 

7.57698 

7.58279 

.230415 

,229885 

.229358 

4.37 

4.38 

4.39 

19.0969 

19.1844 

19.2721 

2.09045 

2.09284 

2.09523 

6.61060 

6.61816 

6.62571 

83.4535 

84.0277 

84.6045 

1.63491 

1.63619 

1.63740 

3.52231 

3.52499 

3.52767 

7.58858 

7.59436 

7.60014 

.228833 

.228311 

.227790 


19.3600 

2.09762 

6.63325 

85.1840 

1.63864 1 


1 .227273 

4^ 

4.42 

4.43 

19.4481 

19.5364 

19.6249 

J.10000 

2.10238 

2.10476 

6.64078 

6.64831 

6.65582 

S5.766T 

86.3509 

86.9383 

1.63988 

1.64112 

1.64236 

3.53302 

3.53569 

3.53835 

7.61166 

7.61741 

7.62315 

.226757 

.226244 

.225734 


19.7136 

19.8025 

19.8916 

2.10713 

2.10950 

-2,11187 

6.66333 

6.67083 

6.67832 

87.5284 

88.1211 

88.7165 

1.64359 

1.64483 

1.64606 

3.54101 

3.54367 

3.54632 

7.62888 

7.63461 

7.64032 

.225225 

.224719 

.224215 


19.9809 

20.0704 

20.1601 


6.68581 

6.69328 

6.70075 



3.54897 

3.55162 

3.55426 

7.64603 

7.65172 

7.65741 

.223714 

.223214 

.222717 







3.55689 

7.66309 





n 



Pow^s — Roots — Reci|Mro€sis 


\10n \'l(K)n 


‘>■1* I T 


yi.733'.^ i 

•:>2.34,S4 i.G3;in 
02.051*7 i.G5462 

03-5767 1.65SS4 3.56740 7.6S573 
04.1964 1.65706 3.57i>i.?2 7.60137 


07.3360 


07.9722 

0:i.61II 

09.252S 

00.8973 

100.545 

101.195 

101.848 

102.503 

103.162 


103.823 


1.65948 3.57524 

l.f*<W.O 3.577^5 I 




1.66 IfiO 

3.5sr:45 

7.7i::st 

1-66310 

3. 5 Mi! ’5 

7.71941 

1.66431 

1.667m1 

1.66671 

1.66791 

1.86911 

1.67030 

1.67150 

1-67269 

1.673SS 

3.,5S5*.V4 

3.5vs23 

3.59082 

3.59340 

3.59598 

3.59856 

3.60113 

3.60370 

3.60626 

7.73619 

7.74175 

7.74731 

7.75286 

7.75840 

7.76394 

7.76946 

1.6751*7 

: 3.60SMi 

7.7r49s 

1.67626 

1.67744 

1.67863 

1.67981 

1.68099 

1.68217 

1.6S334 

1.6S452 

1.68569 

3.61 I3n 
3.61394 
3.61649 

3.61903 
3.62 15S 
3.62412 

3.62665 

3.62919 

3.63172 

, 7.7V..49 

I 7.7 m79..< 

1 7.79149 

7.79697 

7.S0245 

7.S0793 

7.S1339 

7.8188.5 

7.82429 





3.63424 i 7.^2974 




117.649 

1.69850 

3.65931 


118.371 

119.095 

119.823 

1.69965 

1.70081 

1.70196 

3.66179 

3.66428 

3.66676 

7.88909 i 
7.89445 ^ 
7.89979 

120.554 

121.287 

122.024 

1.70311 

1.70426 

1.70540 

3.66924 

3.67171 

3.67418 

7.90513 

7.91046 

7.91578 

122,763 

123.506 

124.251 

1.70655 

1.70769 

1.70884 

3.67665 

3.67911 

3.68157 

7-92110 

7.9264! 

7.93171 



n- ! I \10 n I n® | *V^ 




































































Powers — Roots — Reciproeals 




125.000 

1.7099S 

3.6S403 1 

1 7.93701] 


1/n 



































































Powers — Roots — Eedprocals 


m 




1 AlO n 

,30.2500 ! 

2.34521 

7.41020 

30.3601 

30.4704 

30.5809 

2.34734 

2.34947 

2.35160 

7,42294 

7A2m7 

7.43640 

30.6926 

30.8025 

30.9136 

2.35372 

2.355S4 

2.35797 

7.44312 

7.449S:i 

7.45654 

31.0249 

31.1364 

31.24S1 

2.36008 

2.36220 

2.36432 

7.46324 

7.46994 

7.47663 

31.3600 

2.36643 

7.46331 

31.4721 

31.5844 

31.6969 

2.30854 

2.37065 

2.37276 

7.48999 

7.49667 

7.50333 

31.8096 

31.9225 

32.0356 

2.37487 
2.37697 1 
2.37908 1 

7.50999 

7,51665 

7.52330 

32.1489 

32.2624 

32.3761 

2.38118 ^ 
2.38328 i 
2.38537 

7.52994 

7.53658 

7,54321 




1 1 

l.i iOH> 

3,S28ii 

6,24. L 

177.504 

i.777-j2 

3.S>i>il 


178,454 

1.77697 

3.K<2t>8 

.6,25726 

179.406 

1.7S003 

3.S:i495 

8.26215 

180.362 

1.78108 

3.83722 

S.267a‘i 

181.321 

1.78213 

3.83946 

6.27190 

182.2S4 

1.7831S 

3.84174 

8.27677 

183.250 

1.78422 

3.S4399 

8.28164 

184,220 

1.78527 

3.84625 

8.2.8649 


34.92S1 2.43105 
35.0464 2.43311 
35.1649 2.43516 

35.2836 2.43721 
35.4025 
35.5216 


3.SS639 
3.S8S59 
3.S90SO I S.38247 


216.000 1.81712 3.914S7 | 8,43433 







































Powers — Roots — Reciprocals 



A' 10 Tt 1 


6.14 37.6996 

6.15 37.8225 

6.16 37.9456 

6.17 38.0689 

6.18 38.1924 

6.19 38.3161 


38.4400 2.48998 7.87401 


38.5641 
38.6884 
38.8129 

38.9376 

39.0625 

39.1876 

39.3129 

39.4384 

39.5641 


2.49199 7.88036 
2.49399 7.88670 
2.49600 7.S9303 

2.49800 7.89937 
2.50000 7.90569 
2.50200 7.91202 

2.50400 7.91833 
2.50599 7.92465 
2.50799 7.93095 


217.082 

218.167 

219.256 

220.349 

221.445 

222.545 

223.649 

224.756 

225.867 


228.099 

229.221 

230.346 

231.476 

232.608 

233.745 

234.885 

236.029 

237.177 


239.483 

240.642 

241.804 

242.971 

244.141 

245.314 

246.492 

247.673 

248.858 


\10nis;i00^| 


8.43433 I 


8.43901 

8.44369 

8.44836 

8.45303 

8.45769 

8.46235 

8.46700 

8.47165 

8.47629 


8.4S093 


1.82816 

1.82915 

1.83015 

1.83115 

1.83214 

1.83313 

1.83412 

1.83511 

1.83610 


1.83808 

1.83906 

1.84005 

1.84103 

1.84202 

1.84300 

1.84398 

1.84496 

1.84594 


3.93865 

3.94079 

3.94294 

3.94508 

3.94722 

3.94936 

3.95150 

3.95363 

3.95576 


3.96002 

3.96214 

3.96427 

3.96638 

3.96850 

3.97062 

3.97273 

3.97484 

3.97695 


S.4S556 

8.49018 

8.49481 

8.49942 

8.50403 

8.50864 

8.51324 

8.51784 

8.52243 


8.53160 

8.5361S 

8.54075 

8.54532 

8.549SS 

8.55444 

8.55899 

8.56354 

8.56S0S 



















































































42.2300 


42.3S0i 2.55147 
42.5104 2.55343 
42.6409 2.55539 


Powers — Roots — Redprocals 


^10 n 




42.7716 

42.9025 

43.0336 

43.1649 

43.2964 

43.42S1 


2.55734 

2.55930 

2.56125 

2.56320 

2.56515 

2.56710 


8.0(>M6 

8.07405 

S.O!!»OS4 

8,08703 

8.09321 

b.OlHJIiS 

S. 10555 
8,11172 
8.117SS 


45.S329 

45.9684 

46.1041 


46.3761 2.60960 
46.5124 2.61151 
46.6489 2.61343 


46.7S56 

46.9225 

47.0596 

47.1969 

47.3344 

47.4721 


2.61534 

2.61725 

2.61916 

2.62107 

2.62298 

2.6248S 


\n l-viOnNiOOnl 




l.M’;721 4.tyJ279 

4Ji24s,l S.firi27 
1.86912 4.1t20‘Kj '^.87570 



1.S7008 i 4.0281k* i 8.68012 
1.87103 4.u:;iul 8.t>Mi55 
282.300 1.87 19S 4.U,i306 8.t>NS96 

283.593 1.S7293 4.0'15il 8.693:i8 
2.S4.890 1.873.88 4Xi.i7Vt 8.69778 
2.86.191 1.87483 4.0392rr 8,70219 


.8757n \ 4.v)4iJ4 f 8,7«»659 


2S.8..SU5 1.n 7672 4.i*J8'2v I .s.7Ii■'>^ 
imils 1.87767 4,= 4:/i2 I >71537 
291.431 1.878i>2 l.lHT.O >.71976 

292,755 1.879.36 4.01939 8.72414 
294.080 1.-Ss0.>0 4.r0142 5.T2>52 
295.408 1.88144 4.05:345 8.73289 

296.741 1.88239 4.05.S48 8.7:J726 



29S.C78 i.J8s3:43 Uj 
299.418 1.8M27|4* 


:300.7t>3 I l.S.>523 \ 4j 


302.112 

303.464 

304.821 


>5750 I 8.74162 
■5953 I 8.745':»8 




47.74S1 

47.SS64 

48.0249 

48.1636 

48.3025 

48.4416 

48.5809 

48.7204 

48.8601 


2.62869 

2.63059 

2.63249 

2.63439 

2.63629 

2.63818 

2.64008 

2.64197 

2.64386 


8.25S33 

8.26438 


8.28S55 

8.29458 

8.30060 


8.33067 

8.33667 

8.34266 

8.34865 

8.35464 

8.36062 


1.89451 I 4.0>lt‘''> ! ’^.79i6t> 


315.S21 1.S9546 4.08:105 8.79797 
317.215 1.S9639 4.08565 8.S0227 
318.612 1.89732 4.08765 8.80657 

320.014 1.S9S24 4.0S964 8.81067 
321.419 1.S9917 4.0916.3 S.Si5l6 
322.S29 1.90009 4.09362 S.81S45 

324.243 1.90102 4.09561 8.82373 
325.661 1.90194 4.09760 8.S28r»l 
327.083 1.90286 4.09958 S.S;1228 


328.509 1.9037S 


.329.939 1.90470 4.10;i.x> s > -vi - m? 
,331.374 1.90562 4.10.>52 N.N45(f9 
332.813 1.90653 4.10750 8.84934 

334.255 1.90745 4.10948 8.S53M 
335.702 1.90a37 4.11145 8.S.i78.> 
337.154 1.90928 4,11342 8.8621U 

338.609 1.91019 4.11539 S.86634 
340.068 1.91111 4.117.30 8.87058 
341.532 1.91202 4.11932 S.ST48I 


343.000 i 1.91293 | 4.12129 i 8.S7904 



^^n I VlO n I n* I I \10n ^100 nt I n 
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Powers — Roots — Reciprocals 



1 31 

I \n 

1 

o 

^loo4 


S.87904 1 .142857 



50.9796 2.6720S S.44985 
51.1225 2.67395 S.45577 
51.2656 2.675S2 S.46168 

51.40S9 2.67769 S.46759 
51.5524 2.67955 8.47349 
51.6961 2.68142 8.47939 

51.S400 2.6S32S S.4S52S 


51.9841 

2.68514 

8.49117 

52.1284 

2.68701 

8.49706 

52.2729 

2.68887 

8.50294 

52.4176 

2.69072 

8.50882 

52.5625 

2.69258 

8.51469 

52.7076 

2.69444 

8.52056 

52.8529 

2.69629 

8.52643 

52.9984 

i 2.69815 

8.53229 

53.1441 

1 2.70000 

8.53815 


53.2900 2.70185 


53.4361 

53.5824 

53.7289 

53.8756 

54.0225 

54.1696 

54.3169 

54.4644 

54.6121 

2.70370 

2.70555 

2.70740 

2.70924 

2.71109 

2.71293 

2.71477 

2.71662 

2.71846 

8,54985 

8.55570 

8.56154 

8.56738 

8.57321 

8.57904 

8.58487 

8.59069 

8.59651 

54.7600 

2.72029 

8.60233 

54.9081 

55-0564 

55.2049 

55.3536 

55.5025 

55.6516 

55.8009 

55.9504 

56.1001 

2.72213 

2.72397 

2.725S0 

2.72764 

2.72947 

2.73130 

2.73313 

2.73496 

2.73679 

8.60814 

8.61394 

8.61974 

8.62554 

8.63134 

8.63713 

8.64292 

8,64870 

8.65448 


390.618 

392.223 

393.833 

395.447 

397.065 

398.688 

400.316 

401.947 

403.583 


406.869 

408.518 

410.172 

411.831 

413.494 

415.161 

416.833 

418.509 

420.190 


8.96696 

8.97110 

8.97524 

8.97938 

8.98351 

8.98764 

8.99176 

8.99588 

9.00000 


1.94076 

1.94165 

1.94253 

1.94341 

1.94430 

1.94518 

1.94606 

1.94694 

1.94782 


1.94957 

1.95045 

1.95132 

1.95220 
1.95307 
1 .9o39o 

1.95482 

1.95569 

1.95656 


4.18125 

4.18315 

4.18506 

4.18696 

4.18886 

4.19076 

4.19266 

4.19455 

4.19644 


4.20023 

4.20212 

4.20400 

4.20589 

4.20777 

4.20965 

4.21153 

4.21341 

4.21529 


9.00822 

9.01233 

9.01643 

9.02053 

9.02462 

9.02871 

9.03280 

9.03689 

9.04097 


9.04911 

9.05318 

9.05725 

9.06131 

9.06537 

9.06942 

9.07347 

9.07752 

9.08156 







1/n 











































n] 


Powers — 

Boots 

— Bedfrocais 


10* 


n- 


i ^10n 

n* 

^ \ 10 n 

limn 

1 1 

?.50 

1 56.2500 

2.73S61 

i S.66025 

21.875 

.95743 .21716 



7.51 

7.52 

7.53 

56.4001 

56.5504 

56.7009 

2.74044 

2,74226 

2.7440S 

,60003 

.67179 

.67756 

423.565 

425.259 

426.958 

.95830 .21904 

.95917 .22091 

.96004 .22278 

.011367 

^.09770 

3,1 

7.54 

7Jio 

7.36 

56.S516 

57.0025 

57.1536 

2.74591 

2.74773 

2.74955 

.68332 

>.68907 

;.694S3 

28.661 

30.369 

32.081 

.96091 .22465 

.96177 .22651 

.96264 :.22838 

.10173 

.10575 

a«)77 

.32626 

1324-‘‘ 

132275 

7.57 

7.5S 

7.59 

57.3049 

57.45G4 

57.6081 

2.75136 

2.75318 

2.75500 

,70057 

.70632 

.71206 

33.798 

=35.520 

37.245 

.96350 4.23024 
.90437 =.23210 

.96523 .23396 

a 1378 
'.11779 
.121SG 

I32IW) 

13192b 

131752 

T.60 

57.7600 

2.756S1 

.71780 

=3b.976 

.96610 :.235,*s2 



7.61 

7.62 

7.63 

57.9121 

5S.0644 

58,2169 

2.75S62 

2.76043 

2.76225 

.72353 

.72926 

.73499 

440.711 

2.451 

444.195 

.966% ,.2370^> 

.96782 .23954 

.96868 4.24139 

'.12981 

M33sd 

9.13780 

131234 

13I()^;2 

7.64 

7.65 

7.66 

5S.3696 

58.5225 

5S.6756 

2.76405 

2.765S6 

2.76767 

i.74071 

1.74643 

1.75214 

445.944 

447.697 

449.455 

.96954 4.24324 
.97040 4.24509 
.97126 4.24694 

9.14179 

'.14577 

9.14976 

iSO-yXi 

,130719 

130548 

7.67 

7.6S 

7.69 

58.8289 

5S.9S24 

59.1361 

2.76948 

2.77128 

2.7730S 

1.75785 

1.76356 

i.76926 

:51.21S 

452.9S5 

454.757 

.97211 .24879 

..97297 .25063 

..97383 .25248 

9.15374 

9.15771 

9.16169 

,130378 

1302t'»8 

.13^)039 

7.70 

59.2900 

2.774S9 

8.774% 

456.533 

1.97468 4.25432 

9.16566 

129870 

7.71 
7 72 
7.7Z 

59.4441 

S9.59S4 

59.7529 

2.77669 

2.77849 

2.7S029 

8.7S0G6 

8.78635 

8.79204 

45S.314 

460.100 

461.890 

.97554 4.25616 
1.97639 4.25800 
1.97724 4.25984 

9.16962 

9.17359 

9.17754 

129702 

129534 

129366 

7.74 

7.75 

7.76 

59.9076 

60.0625 

60.2176 

2.78209 

2.7S38S 

2.7856S 

8.79773 

8.S0341 

8.80909 

463.685 

465.4S4 

467.289 

1,97809 4.28167 
1.97895 4.26351 
1.97980 4.26534 

9.18150 

9.18545 

9.18940 

I29m 

129^)5 

128866 

7.77 

7.78 

7.79 

60.3729 

60.5284 

60.6841 

2.78747 

2.78927 

2.79106 

8.81478 

8.82043 

8.S2610 

469.09' 

470.911 

472.729 

1.9S065 4.26717 
1.9S150 4.26900 
.98234 4.27083 

9.19335 

9.19729 

9.20123 

.128700 

,12.!j535 

,128371; 

7.80 

60.8400 

2.792S5 

.S317€ 

474.552 

1.9S319 4.27266 

9.20516 

128205 

7.S1 

•.82 

7.83 

60.9961 

61.1524 

61.3089 

2.79464 

2.79643 

2.79S21 

S.S3742 

8.S430S 

S.S48‘ 

476.3S0 

478.212 

4S0.049 

1.9S404 4.2744S 
1.9S4S9 4.27631 
i.9S573 4.27S13 

9.21302 

9.21695 

127877 

12771. 

7.84 

7.85 

7.86 

61.4656 

61.6225 

61.7796 

2.80000 

2.80179 

2.80357 

8.85438 

8.86002 

S.S6566 

481.890 

4S3.73 

4S5.58S 

1.9S658 4.27995 
1.9S742 4.281 
1.9SS26 4.2S359 

9.220S' 

9.22479 

9.22871 

127551 

127389 

127226 

7.87 

7.88 

7.89 

61.9369 

62.0944 

62.2521 

2.80535 

2.80713 

2.80891 

8.87131 

8.87694 

8.8825"' 

487.443 

489.304 

491.169 

1.98911 4.2S540 
1.9S995 4.2S722 
1.99079 4.2S903 

9.23262 

9.2%53 

9.24043 

,127%5 

.12690^ 

.126743 

7.90 

62.4100 

2.8106 

S.SSSl 

493.039 

1.99163 4.29084 

9.24434 

1265*2 

17.91 

|7.92 

[7.93 

62.5681 

62.7264 

62.8849 

2.8124' 

2.81425 

2.81603 

8.89382 

8.89944 

8.9050. 

494.91 

496.793 

498.677 

1.99247 4.29: 
1.99331 4.29446 
1.99415 4.29627 

9.25213 

9.2%(j2 

.126263 

.126103 

7.94 

7.95 

7.96 

63.0436 

63.2025 

63.3616 

2.S17S( 

2.8195* 

2.8213.' 

8.9106' 

8.91621 

8.921Sf 

500.566 

502.460 

504.358 

1.99499 4.29807 
1.99582 4.29987 
1.99666 4.30165 

9.2599 

9.26380 

9.2676? 

,12.594.* 

.i25rsc 

.12562? 

7.97 

7.98 

7.99 

63.5209 

63.6804 

63.8401 

2.8231 

2.8248£ 

2.8266C 

8.9274! 

8.93305 

8.9386S 

506.262 

508.17 

510.%2 

1.99750 4.3034: 
1.99S33 4.3052? 
1.9991^ 4.30707 

9.2715€ 

9.27544 

9.2793 

.22,547 

.12531; 

.12516€ 

8.00 

64.0000 

2.82S4: 

8.9442' 

512.00C 

2.0000C 4.31B87 

9.2831 

.125001 



Powers — Roots — Reciprocals 







.117647 

I ^ 

^10 n 

^100 n| 

1 l/w 












































































Powers — Roots — Reciprocals 


\n KlOnj n* j \n I \ il) n 



7S.6769 

7S.S544 

79.0321 




9.43398 

79.3881 

79.5664 

79.7449 

79.9236 

80.1025 

80.2816 

80.4609 

80.6404 

80.8201 

2.98496 

2.98664 

2.98831 

2,98998 

2.99166 

2.99333 

2.99500 
2.99666 
2.99833 1 

9.43928 
9.44458 i 
9.44987 i 

9.45516 
9.46044 i 
9.46573 

9.47101 

9.47629 

9.48156 


n2 

1 Vii 

1 VIo^ 



























































Powers — Roots — Reciprocals 

















































in 


Powers — Boots — Reciprocals 


n- 


90.2500 


9.51 90.4401 

9.52 90.6304 

9.53 90.S209 

9.54 91.0116 

9.55 91.2025 

9.56 91.3936 
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Table VII — Napierian or Natural Logaritluns 



9531 
0.1 8232 
0.2 6236 

0.3 3647 
0.4 0547 
7000 

0.5 3063 
8779 
0-64185 


0.7 4194 
8846 
0.8 3291 

7547 
0.9 1629 
5551 

9325 
1.0 2962 
6471 


1.1 3140 
6315 
9392 

1.2 2378 
5276 
8093 

1.3 0833 
3500 
6098 


1.4 1099 
3508 
5862 

8160 

1.5 0408 
2606 


5.395 6.G&S 6-493 


7.793 7.SS0 7.960 
8.439 S.4S6 8.530 
8.829 8.S61 8.891 

9.108 9.132 9.156 
9.327 9.346 9.365 
9.506 9.522 9.53S 

9.65S 9.671 9.685 
9.789 9.802 9.814 
9.906 9.917 9.927 


0995 1980 2956 


*0436 *1333 *2222 
9062 9885*0701 
7003 7763 8518 

4359 5066 5767 
1211 1871 2527 
7623 8243 8858 

3649 4232 4812 
9333 9884*0432 
4710 5233 5752 


9813 *0310 *0804 


4669 5142 5612 
9299 9751 *0200 
3725 4157 4587 

7963 8377 8789 
2028 2426 2822 
5935 6317 6698 

9695 *0063 *0430 
3318 3674 4028 
6815 7158 7500 


*0194 *0526 *0856 


3462 3783 4103 
6627 6938 7248 
9695 9996*0297 

2671 2964 3256 
5562 5846 6130 
8371 8647 8923 

1103 1372 1641 
3763 4025 4286 
6354 6609 6864 


8879 9128 9377 


1342 1585 1828 
3746 3984 4220 
6094 6326 6557 

8387 8614 8840 
0630 0851 1072 
2823 3039 3256 

4969 5181 5393 
7070 7277 7485 
9127 9331 9534 


1144 1343 1542 


6.781 

7.004 

7.187 

8.034 

8.103 

8.167 

8.573 

8.614 

8.653 

8.921 

8.950 

8,978 

9.179 

9.201 

9.223 

9.384 

9.403 

9.420 

9.554 

9.569 

9-584 

9.699 

9.712 

9.726 

9.826 

9.837 

9.849 

9.938 

9.949 

9,959 


3922 4879 5827 


*3103 *3976 *4842 
*1511 *2314 *3111 
9267 *0010 *0748 

6464 7156 7844 
3178 3825 4469 
9470 *0078 *0682 

5389 5962 6531 
*0977 *1519 *2058 
6269 6783 7294 


*1295 *1784 *2271 


6081 6547 7011 
*0648 *1093 *1536 
5015 5442 5866 

9200 9609 *0016 
3216 3609 4001 
7078 7456 7833 

*0796 *1160 *1523 
4380 4732 5082 
7841 8181 8519 


1186 *1514 *1841 


4422 4740 5057 
7557 7865 8173 
*0597 *0896 *1194 

3547 3837 4127 
6413 6695 6976 
9198 9473 9746 

1909 2176 2442 
4547 4807 5067 
7118 7372 7624 


2311 2552 
4692 4927 
7018 7247 

9290 9515 
1513 1732 
3687 3902 

5814 6025 
7898 8104 
9939 *0141 



7473 7932 8390 
*1978 *2418 *2855 
6289 6710 7129 

*0422 *0826 *1228 
4391 4779 5166 
8208 8582 8954 

*1885 *2245 *2604 
5431 5779 6126 
8856 9192 9527 


*2168 *2493 *2817 


5373 5688 6002 
8479 8784 9089 
*1491 *1788 *2083 

4415 4703 4990 
7257 7536 7815 
*0019 *0291 *0563 

2708 2972 3237 
5325 5584 5841 
7877 8128 8379 


*0364 *0610 *0854 


2792 3031 3270 
5161 5395 5629 
7476 7705 7933 

9739 9962*0185 
1951 2170 23S8 
4116 4330 4543 

6235 B444 6653 
8309 8515 8719 
*0342 *0543 *0744 


4 5 6 


8 9 
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Napierian or Natural Logarithms 
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[Z 

0 


2 





1 7 

8 


5.0 

1.6 0944 

1144 

1343 

1542 

1741 

1939 

2137 

23:i4 

25.31 

272?^ 

5.1 

“ 2924 

3120 

3315 

3511 

3705 


4im 

42.n7 

4481 

4673 

5.2 

4S66 

5058 

5250 

5441 

5632 

5823 

6013 

6203 

€8193 


5.3 

6771 

6959 

7147 

7335 

7523 

7710 

7896 

8iKi 


8455 

5.4 

8640 

8825 

9010 

9194 

9378 

9562 

9745 

9928 

*0111 


5.5 

1.7 0475 

0656 

08:18 

1019 

1199 

13<s0 

lf>60 

1740 

1919 


5.6 

2277 

2455 

2633 

2811 

2988 

3166 

3342 

3519 

3695 

3871 

5.7 

4047 

4222 

4397 

4572 

4746 

4920 

5094 

520 < 

544^) 

5IU3 

o.S 

57S6 

5958 

6130 

6302 

6473 

6644 

6815 

69x5 

Tl5iii 

7326 

5.9 

7495 

7665 

7834 

8002 

8171 

8339 

8507 

8675 

bM2 

9s Mi 

~6.0 

9176 

9342 

9509 

9075 

Is 

*0171 




6.1 

1.S0829 

0993 

1156 

1l319 

1482 

1645 

lh08 

'l970 

2132 

2294 

6.2 

2455 

2616 

2777 

2938 

3098 

3258 

3418 


3737 

3H9li 

6.3 

4055 

4214 

4372 

4530 

4688 

4845 

5003 

5160 

5317 

5473 

6.4 

5630 

5786 

5942 

6097 

6253 

6408 

65tx3 

f.71S 

6b72 

7026 

6.5 

71S0 

7334 

7487 

7641 

7794 

7947 


8251 


XS55 

6.6 

S707 

8858 

9010 

9160 

9311 

9462 

9612 

9762 

9912 


6.7 

1.9 0211 

0360 

0509 

0658 

0806 

0954 

1102 

1250 

1398 

1545 

6.8 

1692 

1839 

1986 

2132 

2279 

2425 

2571 

2716 

2862 


6.9 

3152 

3297 

3442 

3586 

3730 

3874 

4018 

4162 

4.3s >5 

444H 

~7.0 

4591 

4734 

4876 

”^19 

5161 

5303 

5445 

5586 



7.1 

6009 

6150 

6291 

”6431 

'6571 

6711 

6851 


7U0 

7269 

7.2 

7408 

7547 

7685 

7824 

7962 

8100 

ms 

8.376 

85i:i 


7.3 

8787 

8924 

9061 

9198 

9334 

9470 

9606 

9742 

9b77 


7.4 

2.0 0148 

0283 

0418 

0553 

0687 

0821 

0956 

1089 

1223 

1357 

7.5 

1490 

1624 

1757 

1890 

2022 

2155 

2287 

2419 

2551 

2tib3 

7.6 

2815 

2946 

3078 

3209 

3340 

3471 

3601 

3732 

3862 

3992 

7.7 

4122 

4252 

4381 

4511 

4640 

4769 

489S 

5027 

5156 

5284 

7.8 

5412 

5540 

5668 

5796 

5924 

6051 

6179 

6:i06 

6433 

656*1) 

7.9 

66S6 

6813 

6939 

7065 

7191 

7317 

7443 

7568 

7694 

7819 

8.0 

7944 


8194 

8318 

8W3 

"^7 


8815 

~8939 

91)63 


91S6 

9310 

9433 

'^56 

9679 

"9802 

9924 

*<m7 

*0169 *0291 


2.1 0413 

0535 

0657 

0779 

0900 

1021 

1142 

1263 

1384 

1505 


1626 

1746 

1866 

1986 

2106 

2226 

2346 

2405 

25.b5 

2704 


2823 

2942 

3061 

3180 

3298 

3417 

3535 

365.3 

3771 

^889 


4007 

4124 

4242 

4359 

4476 

4593 

4710 

4827 

4943 

5060 


5176 

5292 

5409 

5524 

5640 

57^6 

5871 

5987 

6102 

6217 


6332 

6447 

6562 

6677 

6791 

6905 

7020 

7134 

7248 

7361 


7475 

7589 

7702 

7816 

7929 

8042 

S155 

S267 

8380 

8493 


8605 

8717 

8830 

8942 

9054 

9165 

9277 

9389 

9500 

9611 


9722 

9834 

9944 = 

*W55 




*0497 


*0717 


2^827 

0937 

1047 

1157 

1266 

1375 

1485 

1.594 

1703 

llbl2 


1920 

2029 

2138 

2246 

2354 

2462 

2570 

267S 

2786 

2894 


3001 

3109 

3216 

3324 

3431 

3538 

3645 

3751 

3858 

3963 


4071 

4177 

4284 

4390 

4496 

4601 

4707 

4813 

491S 

5024 


5129 

5234 

5339 

5444 

5549 

5654 

5759 

5863 

5968 

6072 


6176 

6280 

6384 

6488 

6592 

6696 

6799 

mz 

7006 

7m 


7213 

7316 

7419 

7521 

7624 

7727 

7829 

7932 

8034 

8136 


8238 

8340 

8442 

8544 

8646 

8747 

8849 

S950 

9051 

9152 


9253 

9354 

^55 

9556 

9657 

9757 

9858 

995b 

mss 


2.3 0259 

1 0358 

0458 

0558 



0857 

0956 

1055 

1154 
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114 Napierian or Natural Logarithms — 10 to 99 



Napierian or Natural Logarithms — 100 to 409 



Above 409, use the formula log* lOn = log* n -{- lo^ 10 — log* n + 2.30258509, 

t 1 - 





















































0.00(XK)000 


1 0.43429 448 

2 0.86S58 S90 

3 1.3028S345 

4 1.73717 793 

5 2.17147 241 
G 2.60576 6S9 

3.04006 137 
3.47435 586 
3.90S65 034 


4.34294 482 


Table Vm 


• Multiple of M and of 1 M 



4.77723 

930 

5.21153 

378 

5.64582 

826 

6.08012 

275 

6.51441 

723 

6.94S71 

171 

7.38300 

619 

7.S1730 

067 

8.25159 

516 


8.6S5S8964 


9.12018 412 
9.55447 SCO 

23 9.98877 308 

24 10.42306 757 

25 10.85736 205 

26 11.29165 653 

‘>7 11.72595 101 
12.16024 549 
12.59453 998 


13.02883 446 


31 13.46312 894 

32 13.89742 342 

33 14.33171790 

34 14.76601 238 

35 15.20030 687 

36 15.63460 135 

37 16.06889 583 

38 16.50319 031 

39 16.93748 479 

17.37177 92S 

41 17.80607 376 

42 18.24036 824 

43 18.67466 272 

44 19.10895 720 

45 19.54325 169 

46 19,97754 617 

47 20.41184 065 

48 20.84613 513 

49 21.28042 961 


21.71472 410 


N I N'M 


21.71472 410 


22,14901 85S 
22.58331 306 

53 23.01760 754 

54 23.45190 202 

55 23.88619 650 

56 24.32049 099 

24.75478 547 
25.18907 995 
25.62337 443 


26.05766 S91 


61 26.49196 340 

62 26.92625 788 

63 27.36055 236 

64 27.79484 684 

65 28.22914 132 

66 28.66343 581 

67 29.09773 029 

68 29.53202 477 

69 29.96631925 


30,40061 373 


71 30.S3490 822 

72 31.26920 270 

73 31.70349 718 

74 32.13779 166 

75 32.57208 614 

76 33.00638 062 

33.44067 511 
33.87496 959 
34.30926 407 


34.74355 855 


81 35.177S5 303 

82 35.61214 752 
S3 36.04644 200 

84 36.48073 648 

85 36.91503 096 

86 37.34932 544 

87 37.78361993 

88 38.21791441 
38.65220889 



43.42944 819 


\m 


M * logie c =» .43429 44819 03251 82765 
loffm n log« n • logifl « =M log# n. 


m 


N -i- Af 


Q.immmo 


4.^i4i51T 019 
6.90775 528 

9.2ia34 037 
11.51292 546 
13..M551 056 



20 j 46.05170 l!9i 


21 


48.3542'» 

695 

50.65687 

205 

52.95945 

714 

55.26204 

223 

57.66462 

732 

59.86721 

*^42 

62.16979 

751 

64.47238 

260 

66.77496 

770 


69.07755 279 


31 71,38013 7SS 

32 73.6S272 298 

33 75.98530 S07 

34 78.28789 316 

35 80.59047 825 

36 82.89306 335 

37 85.19564 844 

38 87.49823 353 

39 89.80081 S63 


m 


92.10340 372 


94.4059S 881 
96.70S57 391 

43 99.01115 900 

44 101.31374 409 

45 103.61632 918 

46 105.91891428 

47 108.22149 937 

48 110.52408 446 

49 112.82666 956 




50 115.12925 465 


57 

58 

59 


60} 138.15510 .W 


61 

1 140 

.4570:> 

J>\7 

62 

i 142 

.76027 

577 

63 

;i45, 

.06286 


64 

147, 

,36544 

595 

65 

i 149, 

.665413 

104 

€6 

: 151, 

.97061 

614 

67 

154. 

.27320 

123 

68 

156 

57578 

632 

69 

; 158. 

.87837 

142 


71 

163.4.'vi54 169 

72 

165.78612 670 

73 

16S.08871 179 

74 

170.39129 68S 

75 

I 172.69388 197 

76 

174.99646 707 

77 

177.29905 216 

78 

179.60163 725 

79 

181.90422 235 


lS4.20^k4>744 


1^6.5«.?‘.-<39 255 
iS^.SlirC 763 
191.11456 272 

193.41714 7Si 
195.71973 290 
198.02231 800 



100 ! 230.25850 930 


1/M « log. 10 -2.30258 50929 94045 ^J402 
Iog< n «* logi 9 n-!oge 10 « (l/M) logiw n. 

























































116 Table IX — Logarithms of Hyperbolic Functions px 





Sinh X 

0>sh X 

Tanh: 


Value Logio 


Value 

Logio 

Value 

Logia 

Value 

0.00 1 

1.0000 .00000 

1,0000 

0.0000 

— oc 

1.0000 

.00000 


0.01 

1.0101 .00^ 

.9900:r 

0.0100 

.00001 

l.OOOl 

.00002 

.wiWU 

0.02 

1.0202 .00869 

.98020 

0,0200 

.30106 

1.0002 

.00009 

.020(X) 

0.03 

1.0305 .01303 

.97045 

0.0300 

.47719 

1.0005 

.00020 

.02999 

0.04 

1.040S .01737 

.96079 

0.0400 

.60218 

1.0008 

.00035 

.03998 

0.05 

1.0513 .02171 

.95123 

0.0500 

.69915 

1.0013 

.00054 

.04996 

0.06 

1,0618 .02606 

.94176 

0.0600 

.77841 

1.0018 

.00078 

.05993 

0.07 

1.0725 .03040 

.93239 

0.0701 

.84545 

1.0025 

.00106 

.069S9 

O.OS 

1.0S33 .03474 

.92312 

0.0801 

.903oo 

1.0032 

.00139 

.07983 

0.09 

1.0942 .03909 

.91393 

0.0901 

.95483 

1.0041 

.00176 

.08976 


1.1052 .04343 

.904^ 

0.1002 

.00072 


.00217 

.09967 

0.11 

1.1163 .047^ 

.89^ 

0.1102” 

.04227 

1.0061 

.002^ 

.10^ 

0.12 

1.1275 .05212 

.88692 

0.1203 

.08022 

1.0072 

.00312 

.11943 

0.13 

1.1388 .05646 

.87810 

0.1304 

.11517 

1.0085 

.00366 

.12927 

0.14 

1.1503 .06080 

.86936 

0.1405 

,14755 

1.0098 

.00424 

.13909 

0.15 

1,1618 .06514 

.86071 

0.1506 

.17772 

1.0113 

.00487 

.14889 

0.16 

1.1735 .06949 

.85214 

0.1607 

.20597 

1.0128 

.00554 

.15865 

0.17 

1.1853 .07383 

.84366 

0.1708 

.23254 

1.0145 

-00625 

.16a38 

0.18 

1.1972 .07817 

.83527 

0.1810 

.25762 

1.0162 

.00700 

.17808 

0.19 

1.2092 ,08252 

.82696 

0.1911 

.28136 

I.OISI 

.00779 

.18775 

0.20 

1.2214 

.81873 

0.2013 


1.0201“ 

.00863 


0.21 


.8105$ 

0.2115 

.32541 

1.0221 

.00951 

.20697 

0.22 


.80252 

0.2218 

.34592 

1.0243 

.01043 

.21652 

0.23 


.79453 

0.2320 

.36555 

1.0266 

.01139 

.22603 

0.24 


.78663 

0.2423 

.38437 

1.0289 

.01239 

.23550 

1 0.25 


.77880 

0.2526 

.40245 

1.0314 

.01343 

.24492 

0.26 


.77105 

0.2629 

.41986 

1.0340 

.01452 

.25430 

0.27 


.76338 

0.2733 

.43663 

1.0367 

.01564 

.26362 

0.28 


.75578 

0.2837 

.45283 

1.0395 

.01681 

.27291 

0.29 


.74826 

0.2941 

.46847 

1.0423 

.01801 

.28213 

0.30 

1.3499 .13029 

.74082 

0.3045' 


1.0453 

.01926 


0.31 

1.3634 .13463 

.73345 

0.3150 

.49830 

1.0484 

.020S 

,300M 

, 0.32 

1.3771 .13897 

.72615 

0.3255 

.51254 

1.0516 

.02187 

.30951 

' 0.33 

1.3910 .14332 

.71892 

0.3360 

.52637 

1.0549 

.02323 

.31852 

0.34 

1.4049 .14766 

.71177 

0.3466 

.53981 

1.0584 

,02463 

.32748 

0.35 

1.4191 .15200 

.70469 

0-3572 

.55290 

1.0619 

.02607 

.33638 

0.36 

1.4333 .15635 

.69768 

0.3678 

.56564 

1.0655 

.02755 

.34521 

0.37 

1.4477 .16069 

.69073 

0.3785 

.57807 

1.0692 

.02907 

.35399 

0.38 

1.4623 .16503 

.68386 

0.3892 

.59019' 

1.0731 

.03063 

.36271 

0.39 

1.4770 .16937 

.67706 

0.4000 

.60202 

1.0770 

.03222 

.37136 


1.4918 .17372 

767032 


.61358 

l.OSlF 

.03385 

.37995 

0,41 

1.5068 .17806 

.66365 

0.4216 

.62488 

1.0852 

.03552 

.38847 

0.42 

1.5220 .18240 

.65705 

0.4325 

.63594 

1.0895 

.03723 

.39693 

0.43 

1.5373 .18675 

.65051 

0.4434 

.64677 

1.0939 

.03897 

.40532 

0.44 

i 1.5527 .19109 

.64404 

0.4543 

.65738 

1.0984 

.04075 

.41364 

0.45 

1.5683 .19543 

.63763 

0.4663 

.66777 

1.1030 

.04256 

.42190 

0.46 

1.5841 .19978 

.63128 

0.4764 

.67797 

1.1077 

.04441 

.43008 

0.47 

1.6000 .20412 

.62500 

0.4875 

.68797 

1.1125 

.04630 

.43820 

0.48 

1.6161 .20846 

.61878 

0.4986 

.69779 

1,1174 

.04822 

.44624 

0.49 

1.6323 .21280 

.61263 

0.5098 

.70744 

1.1225 

,05018 

.45422 

0.60 

1,6487 .21715 


0.5211 

.71692 

I 1,1276 

.05217 



Values and Logarithms of Hyperbolic Pnncthms 


e* 

Vahie Logifl 


1.6820 

1.69S9 

.22583 

.23018 

1.7160 

1.7333 

1.7507 

.23452 

.23886 

.24320 

1.7683 

i.7S60 

1,8040 

.24755 

.25189 

.25623 

1.8221 

.26058 

1.S404 

1.8589 

1.8776 

.26492 

.26926 

.27361 

1.8965 

1.9155 

1.9348 

.27795 

.28229 

.28663 

1.9542 

1.9739 

1.9937 

.29098 

.29532 

.29966 

2.0138 

.30401 


€~^ 

Value 

Sinh jc 

Value Lopti3 

Cofkh X 

Valuo L \ 

TahIi t 

.60653 

0.5211 

.71692 

1.1276 

.05217 

.40212 

.60050 

.59452 

.58860 

0.5324 

0.5438 

0.5552 

.72624 

.735-40 

.74442 

l.ll'iS 

.0541^ 

j.Nj 4 


.58275 

.57695 

,57121 

0.5666 

0.5782 

0.5897 

.753:10 

.70204 

.77065 

1.1494 

1.1551 

1.1609 

jwm 

.m>202 

.4^81 

.4tW» 

Mm2 

.5079^ 

.56553 

.55990 

.55433 

0.6014 

0.6131 

0,6248 

.77914 
.78751 ‘ 
.79576 

1.1669 

1.1730 

1.1792 

.1)6703 ^ 
.1^929 : 

.07157 

.51536 

M2'2fu 

.54881 



.i.C3SV 




2.2255 

.34744 

2.2479 

2.2705 

2.2933 

.35178 

.35612 

.36046 

2.3164 

2.3396 

2.3632 

.36481 

,36915 

.37349 

2.3869 

2.4109 

2.4351 

.37784 

.38218 

.38652 

2.4596 

.39087 

2.4843 

2.5093 

2.5345 

.39521 

.39955 

.40389 

2.5600 

2.5857 

2.6117 

.40824 

.41258 

.41693 

2.6379 

2.6645 

2,6912 

,42127 

.42561 

.42995 



.40657 


1.4331 

.15627 


.40252 

.39852 

.39455 

1.0409 

1.0554 

1.0700 

.01741 

.02341 

.02937 

1.4434 

1,4539 

1.4645 

.15939 

.16254 

.16570 

.72113 

.72590 

.7^)59 

.39063 

.38674 

.38289 

1.(^7 

1.0995 

1.1144 

.03530 

.04119 

.04704 

1.4753 

1.4862 

1.4973 

.16888 

.17:»8 

.17531 

.73522 

.73978 

.74428 

.37908 

.37531 

.37158 

1.1294 

1.1446 

1.1598 

.05286 

.05864 

.06439 

1.5085 

1.5199 

1.5314 

.17855 

.ISlbl 

.1S509 

.74870 

. 75:107 

.757^ 


1.1752 

.07011 

1.5431 

.1^839 

.76159 
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Values and Logarithms of Hyperbolic Functions 


6* Sinh X 



Value 

Log» 


Value 

Logw 




1.00 

2.7183 

.43429 

.36788 

1.1752 

.07011 



.76159 

1.01 

1.02 

1.03 

2.7456 

2.7732 

2.8011 

.43864 

.44298 

.44732 

.36422 

.36060 

.35701 

1.1907 

1.2063 

1.2220 

.07580 

.08146 

.08708 

1.5549 

1.5669 

1.5790 

.19171 

.19504 

.19839 

.76576 

.78987 

.77391 

1.04 

1.05 

1.06 

2.8292 

2.8577 

2,8864 

.45167 

.45601 

.46035 

.35345 

.34994 

.34646 

1.2379 

1.2539 

1.2700 

.09268 

.09825 

,10379 

1.5913 

1.603S 

1.6164 

.20176 

.20515 

.20855 

.77789 

.7S1S1 

.78566 

1.07 

1.08 
1.09 

2.9154 

2,9447 

2.9743 

,46470 

.46904 

.47338 

-34301 

,33960 

.33622 

1.2862 

1.3025 

1.3190 

.10930 

.11479 

.12025 

1.6292 

1.6421 

1.6552 

.21197 

.21541 

.21886 

-78946 

.79320 

.79688 

1 1.10 

3.0042 

.47772 

.33287 

1.3356 

.12569 

1.6685 

.22233 

.80050~ 


3.0344 

3.0649 

3.0957 

.48207 

.48641 

.49075 

.32956 

.32628 

.32303 

1.3524 

1.3693 

1.3863 

.13111 

.13649 

.14186 

1.6820 

1.6956 

1.7093 

.22582 

.22931 

.23283 

.80406 

.80757 

.81102 


3.1268 

3.1582 

3.1899 

.49510 

.49944 

.50378 

.31982 

.31664 

.31349 

1.4035 

1.4208 

1.4382 

.14720 

.15253 

.15783 

1.7233 

1.7374 

1.7517 

.23636 

.23990 

.24346 

.81441 

.81775 

.82104 


3.2220 

3.2544 

3.2871 

.50812 

.51247 

.51681 

.31037 

.30728 

.30422 

1.4558 

1.4735 

1.4914 

.16311 

.16836 

.17360 

1.7662 

1.7808 

1.7957 

.24703 

.25062 

.25422 

.82427 

.82745 

.83058 


3.3201 

.52115 

.30119 


.17882 1 

i 1.8107 

.25784 

.83365 


3.3535 

3.3872 

3.4212 

.52550 

.52984 

.53418 

.29820 

.29523 

.29229 

1.5276 

1.5460 

1.5645 

.18402 

.18920 

.19437 

1.8258 

1.8412 

1.8568 

.26146 

.26510 

.26876 

.84258 


3.4556 

3.4903 

3.5254 

,53853 

.54287 

.54721 

.28938 

.28650 

.28365 

1.5831 

1.6019 

1.6209 

.19951 

.20464 

.20975 

1.8725 

1.8884 

1.9045 

.27242 

.27610 

.27979 

.84546 

.84828 

.85106 

1.27 

1.28 
1.29 

3.5609 

3.5966 

3.6328 

.55155 

.55590 

.56024 

.28083 

.27804 

.27527 

1.6400 

1.6593 

1.6788 

.21485 

.21993 

.22499 

1.9208 

1.9373 

1.9540 

.28349 

.28721 

.29093 

.85380 

.85648 

.85913 

^T§o 

3^6693 

.56458 

.27236 

1.6984 

.23004 

1.970^ 

.29467 

.86172 

1.31 

1.32 

1.33 

3.70^ 

3.7434 

3.7810 

.56893 

.57327 

.57761 

-26982 

.26714 

.26448 

1.7182 

1.7381 

1.7583 

.23507 

.24009 

.24509 

1.9880 

2.0053 

2.0228 

.29842 

.30217 

.30594 

.86428 

.86678 

.86925 


3.8190 

3.8574 

3.8962 

.58195 

.58630 

.59064 

.26185 

.25924 

.25666 

1.7786 

1.7991 

1.8198 

.25008 

-25505 

.26002 

2.0404 

2.0583 

2.0764 

-30972 

.31352 

.31732 

.87167 

,87405 

.87639 

1.37 

1.38 

1.39 

3.9354 

3.9749 

4.0149 

.59498 

.69933 

.60367 

,25411 

.25158 

.24908 

1.8406 

1.8617 

1-8829 

.26496 

.26990 

.27482 

2.0947 

2.1132 

2.1320 

.32113 

.32495 

.32878 




.60801 




2,1509 

,33262 



4.0960 

4.1371 

4.1787 

.61236 

.61670 

.62104 

.24414 

.24171 

.23931 

1.9259 

1.9477 

1.9697 

.28464 

.28952 

.29440 

2.1700 

2.1894 

2.2090 

.33647 

.34033 

.34420 



4.2207 

4.2631 

4.3060 

.62538 

,62973 

.63407 

.23693 

.23457 

.23224 

1.9919 

2.0143 

2.0369 

.29926 

.30412 

.30896 

2.2288 

2.2488 

2.2691 

.34807 

.35196 

.35585 

.89370 

.89569 

.89765 


4,3492 

4.3929 

4.4371 

.63841 

.64276 

.64710 

.22993 

.22764 

.22537 

2.0697 

3.0827 

2.1059 

,31379 

.31862 

.32343 

2,2896 

2.3103 

2.3312 

.35976 

.36367 

-36759 

.89958 

.90147 

.90332 


2.3524 .90515 
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Value 

Logio 

e’^ 

Value 

SinK X 

Value Irfigis 

Co«Ii * 

Value 

Taali j 

Vai i#*' 

1.50 

4.4S17 

-65144 

.22313 

2.1293 

.32823 

2.3524 

.37151 

.90515 

1.51 

1.52 

1.53 

4.5267 

4.5722 

4.6182 

.65578 

.66013 

.66447 

.22091 

.21871 

.21654 

2.1529 

2.1768 

2.2008 

.33303 

.33781 

.34258 

2.3738 

2.3955 

2.4174 

.37545 

.37939 

.3,?a34 

.mm* 

.^,1870 

.91042 

1.54 

1.55 

1.56 

4.6646 

4.7115 

4.7588 

.66881 

.67316 

.67750 

.21438 

.21225 

-21014 

2.2251 

2.2496 

2.2743 

.34735 

.35211 

.35686 

2.4395 

2.4619 

2.4845 

.38730 

.39126 

^9524 

.91212 

.91379 

.91542 

1.57 

1.58 

1.59 

4.S066 

4.8550 

4.9037 

.68184 

.68619 

.69053 

.20805 

.20598 

.20393 

2.2993 

2.3245 

2.3499 

.36160 

.36633 

.37105 

2.5073 

2.5305 

2.5538 

.39921 

.40320 

.40719 

.91703 

.91860 

.92015 

1.60 

4.9530 

.69487 

.20190 

2.3756 

.37577 

2.5775 

.41119 

,92167 

1.61 

1.62 

1.63 

5.0028 

5.0531 

5.1039 

.69921 

.70356 

.70790 

.19989 

.19790 

.19593 

2.4015 

2.4276 

2.4540 

.3S04S 

.3S51S 

.38987 

2.6013 

2.6255 

2.6499 

.41520 

.41921 

.42323 

.92316 

.92462 

.92606 

1.64 

1.65 

1.66 

5.1552 

5.2070 

5.2593 

.71224 

.71659 

.72093 

.19398 

.19205 

.19014 

2.4806 

2.5075 

2.5346 

.39456 

.39923 

.40391 

2.6746 

2.6995 

2.7247 

.42725 

.43129 

.43532 

.92747 

.92886 

.9301^2 

1.67 

1.68 
1.69 

5.3122 

5.3656 

5.4195 

.72527 

.72961 

.73396 

,18825 

.18637 

,18452 

2.5620 

2.5896 

2.6175 

.40857 

.41323 

.41788 

2.7502 

2.7760 

2.8020 

.43937 

.44341 

.44747 

.93155 

.93286 

.93415 

1.70 

5,4739 

.73830 

.18268 

2.6456 

.42253 

2.8283 

.45153 

.93541 

1.71 

1.72 

1.73 

5.5290 

5,5845 

5.6407 

.74264 

.74699 

.75133 

.18087 

.17907 

.17728 

2.6740 

2.7027 

2.7317 

.42717 

.43180 

.43643 

2.S549 

2.S818 

2.9090 

.45559 

.45966 

.46374 

.9m5 

.93786 

.93906 

1.74 

1.75 

1.76 

5.6973 

5.7546 

5.SI24 

.75567 

.76002 

.76436 

.17552 

.17377 

.17204 

2.7609 

2.7904 

2.8202 

.44105 

.44567 

.45028 

2.9364 

2.9642 

2.9922 

.46782 

.47191 

.47600 

.94023 

.94138 

.94250 

1.77 

1.7S 

1.79 

5.8709 

5.9299 

5.9895 

.76870 

.77304 

.77739 

.17033 

.16864 

.16696 

2.8503 

2.8806 

2.9112 

.45488 

.45948 

.46408 

3.0206 

3.0492 

3.0782 

.48009 

.48119 

.48830 

.94361 

.94470 

.94576 

1.80 

6.0496 

.78173 

.16530 

2.9422 

.46867 

3.1075 

.49241 

.94681 

1.81 

1.82 

1.83 

6.1104 

6.1719 

6.2339 

.78607 

.79042 

.79476 

.16365 

.16203 

.16041 

2.9734 

3.0049 

3.0367 

.47325 

.47783 

.48241 

3.1371 

3.1669 

3.1972 

,49652 

.50064 

.50476 

.947^3 

.94884 

.94%3 

1.84 

1.85 

1.86 

6.2965 

6.3598 

6.4237 

.79910 

,80344 

.80779 

.15882 

.15724 

.15567 

3.0689 

3.1013 

31340 

.48698 

.49154 

.49610 

3.2277 

3.2585 

3.2887 

.508^ 

.51302 

.51716 

.mm 

.95175 

.95m 

1.87 

1.88 
1.89 

6.4883 

6.5535 

6.6194 

.81213 

.81647 

.82082 

.15412 

.15259 

.15107 

3.1671 

3.2005 

3.2341 

.50066 

.50521 

.50976 

3.3212 

3.3530 

3.3852 

,52130 

.52511 

.52959 

.95359 

.95449 

.95537 

1.90 

6.6859 

.82516 

.14957 

3.2682 

.51430 

3.4177 

.53374 

.95624 

1.91 

1.92 

1.93 

6-7531 

6.8210 

6-8895 

.82950 

.83385 

.83819 

.14808 

.14661 

.14515 

3.3025 

3.3372 

3.3722 

.51884 

.52338 

.52791 

3.4506 

3.4838 

3.5173 

.53789 

.54m 

.54621 

jmm 

.95792 

.95873 

1.94 

1.95 

1.96 

6.9588 

7.0287 

7.0993 

.84253 

.84687 

.85122 

.14370 

.14227 

.14086 

3.4075 

3.4432 

3.4792 

.53244 

.53696 

.54148 

3.5512 

3.5855 

zsm 

,B&m 

.55455 

.55872 

.wm 

.96109 

1.97 

1.98 

1.99 

7.1707 

7.2427 

7.3155 

.85556 

,85990 

.86425 

13946 

.13807 

13670 

3.5156 

3.5523 

3.5894 

.54600 

.55051 

.55502 

3,6551 

3.^04 

3.71^1 

J56290 

.56707 

.57126 

.96185 

.96259 

.96331 

2.00 

7.3^1 

.86859 

13534 

3.6^9 

35953 

3.7622 

.57544 

.96403 



Values and Logarithms of Hjpa-bolic Fimctioiis 


■X 

Value 

e * 

Login 

2.00 

7.3891 

.86859 

2.01 

2.02 

2.03 

7,4633 

7.5383 

7.6141 

,87293 

.87727 

.88162 

2.04 

2.05 

2.06 

7.6906 

7.7679 

7.8460 

.88596 

.89030 

.89465 

2.07 

2.08 
2.09 

7.9248 

8.0045 

S .0 S 49 

.89899 

.90333 

.90768 

ijB»l 

8,1662 

.91202 

2.11 

2 12 
2; i 3 

8.24 S 2 

8.3311 

8.4149 

.91636 

.92070 

.92505 

2.14 

2.15 

2.16 

8.4994 

8.5849 

8.6711 

.92939 

.93373 

.93808 

2.17 

2.18 
2.19 

8.7583 

8. S 463 

8.9352 

.94242 

.94676 

.95110 

2 J 20 

9.0250 

.95545 


9.1157 

.95979 

2.22 

2.23 

9.2073 

9.2999 

.96413 

.96848 

2.24 

255 

2.26 

9.3933 

9.4877 

9.5831 

.97282 

.97716 

.98151 

2.27 

2‘-2 S 

2.29 

9.6794 

9.7767 

9. S 749 

.98585 

.99019 

.99453 

jEESM 

9.9742 

,99888 


10.074 

.00322 

2.32 

2.33 

10.176 

10.278 

.00756 

.01191 

2.34 

2.35 

2.36 

10.381 

10.486 

10.591 

.01625 

.02059 

.02493 

2.37 

2.38 

2.39 

10.697 

10.805 

10.913 

.02928 

.03362 

.03796 


11.023 

.04231 

2.41 

2.42 

2.43 

11.134 

11.246 

11.359 

.04665 

.05099 

.05534 

2.44 

2.45 

2.46 

11.473 

11-588 

11.705 

.05968 

.06402 

.06836 

2.47 

2.48 

2.49 

11.822 

11.941 

12.061 

.07271 

.07705 

-08139 


12.182 

.08574 


Smhx 

Value Logxo 


Cosh X 

Value Login 





3.6269 

.55953 

3.6647 

3.7028 

3.7414 

.56403 

.66853 

.57303 

3.7803 

3.8196 

3.8593 

.57753 

.58202 

.58650 

3.8993 

3.9398 

3.9806 

.59099 

.59547 

.59995 

4.0219 

.60443 

4.0635 

4.1056 

4.1480 

.60890 

.61337 

.61784 

4.1909 

4.2342 

4.2779 

.62231 

.62677 

.63123 

4.3221 

4.3666 

4.4116 

.63569 

.64015 

.64460 

4.4571 

.64906 



3.9103 

3.9483 

3.9867 

.59221 

.59641 

.60061 

4.0255 

4.0647 

4.1043 

.60482 

.60903 

.61324 

4.1443 

.61745 

4.1847 

4.2256 

4.2669 

.62167 

.62589 

.63011 

4.3085 

4.3507 

4.3932 

.63433 

.63856 

.64278 

4.4362 

4.4797 

4.5236 

.64701 

.65125 

.65548 

4.5679 

,65972 



































































Values and Logarithms of Hyperbolic Fonctioiis 


e* 

Value Logjs 


Sinh X 

Value Loi^ifl 


Cosh X • Tanh x 

Value I Value 



15.487 

15,643 

15.800 

.18997 

.19431 

.19865 

15.959 

16.119 

16.281 

.20300 
.20734 
.21168 i 

16.445 

.21602 

16.610 

16.777 

16.945 

.22037 

.22471 

.22905 

17.116 

17.288 

17.462 

.23340 

.23774 

.24208 

17,637 
17.814 
i 17.993 

.24643 

J25077 

.25511 

18.174 

.25945 

18.357 

18.541 

18.728 

.26380 

.26814 

J2724S 

18.916 

19.106 

19.298 

.27683 

.28117 

.28551 

19.492 

19.688 

19.886 

.28985 

.29420 

.29854 




8.1919 .91339 


S.2749 .91776 

S.35S6 .92213 

S.4432 .92651 

8.5287 .93088 

8.6150 .93525 

8.7021 .93963 i 

8.7902 .94400 

8.8791 .94837 

8.9689 .95274 

8.3351 ,92u91 

.S.41S2 .92522 

S.5022 .92953 

8.5871 ,93385 

8,6728 ,93816 

8.7594 .94247 

8.S469 .94679 

8.9352 .95110 

9.0244 .95542 

9.0596 .95711 

9.1146 .95974 

9.1512 .96148 

9.2437 .96584 

9.3371 .97021 

9.4315 .97458 

9.5268 .97895 

9.6231 .98331 

9.7^ .^68 

9.8185 .99205 

9.9177 .99641 

9.2056 .96405 

922976 .96837 

921905 .97269 

9.4844 .97701 

9.5791 .98133 

9.6749 .98565 

9.7716 .98997 

9.S693 .99429 

9.0680 .90861 






.04979 


.<> 1^15 














































Values and I^aiithms of HyperiNdic Functi<His 




Value 

X>oi;ia 

20.086 

.30288 


21.115 

.32460 

22.198 

.34631 

23.336 

.36803 

24.533 

.38974 

25.790 

.41146 

27.113 

,43317 

28.503 

,45489 

29.964 

.47660 

31.500 

.49832 

33.115 

.52003 


34.813 

.54175 

36.598 

.56346 

38.475 

.58517 

40.447 

.60689 

42.521 

.62860 

44.701 

.65032 

46.993 

.67203 

49.402 

.69375 

51.935 

.71546 

54.598 

.73718 

60.340 

.78061 

66.636 

.82404 

73.700 

.86747 

81.451 

.91090 

90.017 

.95433 

99.484 

.99775 

109.95 

.04118 

121.51 

.98461 

134.29 

.12804 

148.41 

.17147 

164.02 

J21490 

181.27 

.25833 

200.34 

.30176 

221.41 

.34519 

244.69 

.38862 

270.43 

.43205 

298.87 

.47548 

330.30 

.51891 

365.04 

.56234 

403,43 

.60577 

518.01 

.71434 

665.14 

.82291 

854.06 

.93149 

1096.6 

.04006 

1808.0 

.25721 

2981.0 

.47436 

4914.8 

.69150 

8103.1 

.90865 

13360. 

.12580 









1 Sinh X 1 

Value 

Logi® 


10.534 

.02259 

11.076 

.04440 

11.647 

.06620 

12.246 

.08799 

12.876 

.10977 

13.538 

.13155 

14J234 

.15332 

14.965 

.17509 

15.734 

.19685 

16.543 

.21860 


17.392 

.24036 

18.285 

,26211 

19.224 

.28385 

20.211 

.30559 

21.249 

.32733 

22.339 

.34907 

23.485 

.37081 

24.691 

.39254 

35.958 

,41427 


27.290 

.43600 

30.162 

.47946 

33.336 

.52291 

36.843 

.56636 

40.719 

.60980 

45.003 

.65324 

49.737 

.69668 

54,969 

.74012 

60.751 

.78355 

67.141 

.82699 

74.203 

.87042 

82.008 

.91386 

90,633 

.95729 

100.17 

.00072 

110.70 

.04415 

122.34 

.08758 

135.21 

.13101 

149.43 

.17444 

165.15 

.21787 

182.52 

.26130 

201.71 

.30473 

259.01 

.41331 

332.67 

.52188 

427.03 

.63046 

548.32 

.73903 

904.02 

.95618 

1490.5 

.17333 

2457^ 

.39047 

4051.5 

.60762 

6679.9 

.82477 

11013. 

.04191 


Cosh« Tanhx 

Value Logit %’alue 
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0' , ^ i(y I ^ acK 4<r I 5(/ 

Value IjOgift 1 Value Logioj Value Logis Value Logj® Value Log^lValti^ LogD^ 


.0000 
.00015.8817 
.0003 .4837 


.0007 

.0012 

.0019 


.8358 

.0856 

.2793 


.0027 .4376 


•O/ 13 
.6872 


.003: 

.0049 
.0062 .7893 
10|.0076 .8806 
11.0092 .9631 


0109 .0385 
.0128 .1077 
.0149 .1718 
.0170 .2314 
.0194 .2871 
.0218 .3394 


18.0245 .3887 
19.0272 .4352 
20.0303 .4793 
21.0332 ,5213 
22, .0364 .5612 

23 0397 .5993 

24 .0432 .6357 


'.00004.3254 
,00016.0156 
.0004 .5532 
.0008 .8828 
.0013 .1211 
.0020 .3078 
.0029 .4614 
.0039 .5918 
.0051 .7051 
1.0064 .8052 
.0079 .8949 
i.0095 .9762 
i.0112 .0504 
.0131 .1187 
.0152 .1820 
.0174 .2409 
.0198 .2961 
.0223 .3478 
.0249 .3966 
.0277 .4427 


.0468 .6707 
.0506 .7042 
.0545 .7364 
.0585 .7673 
.0627 .7972 
.0670 .8260 
3i:.0714 .8538 
321.0760 .8807 
33.0807 .9067 
34 .0S55 .9319 
351.0904 ,9563 
36|.0955 .9800 
37 .1007 ,0030 
38.1060 .0253 
39.1114 .0470 
401.1170 .0681 
41 1226 .0887 


,1284 .1087 
.1343 .1282 
.1403 .1472 
.1464 .1657 
.1527 .1838 
4 .1590 .2014 
4S|.1654 .2186 
49 .1720 J2355 
501.1786 .2519 
511.1853 .2680 
52.1922 .2837 
53.1991 .2991 
541,2061 .3141 
551,2132 .3288 
56i.2204 .3432 

57 .2277 .3573 

58 .2350 .3711 
591.2425 .3847 


.0307 

.0337 

.0370 

.0403 

.0438 

.0475 

i.0ol2 

.0552 

.0592 

.0634 

i.0677 

.0722 

.0767 

|,0S15 

.0863 

1.0913 

1.0963 

1.1016 

i.l069 

.1123 

1.1179 

.1236 

1.1294 

.1353 

.1413 

.1475 

.1538 

1.1600 

i.l665 

.1731 

.1797 

.1865 

.1933 

;.2003 

.2073 

.2144 

,2216 

.2289 

.2363 

.2437 


.4865 

.5281 

.5677 

.6055 

.6417 

.6764 

.7096 

.7416 

.7724 

.8020 

,8307 

.8583 

,8851 

,9109 

,9360 

.9603 

.9838 

.0067 

.0289 

.0505 

.0716 

.0920 

.1119 

.1314 

.1503 

.1687 

.1867 

.2043 

.2215 

.2382 

.2546 

.2706 

.2863 

.3016 

.3166 

.3312 

.3456 

.3596 

.3734 

.3869 


.00004.9275 
.00016.1315 
,0004 .6176 
.0008 .9273 
.0014 .1551 
.0022 .3354 
.0031 .4845 
.0041 .6117 
.0053 .7226 
.0066 .8208 
.0081 .9090 
.0097 .9890 
.0115 .0622 
i.0135 .1296 
1.0156 .1921 
;.0178 .2504 
1.0202 .3049 
1.0227 .3561 
.0254 .4045 
.0282 .4502 
.0312 .4936 
.0343 .5348 
.0375 .5741 
.0409 .6116 
.0444 .6476 
.0481 .6820 
.0519 .7151 
.0558 .7468 
.0599 .7774 
.0641 .8069 
.0684 .8354 
.0729 .8629 
.0775 .8894 
.0823 .9152 
.0871 .9401 
.0921 .9643 
,0972 .9877 
.1024 .0105 
.1078 .0326 
.1133 .0541 
.1189 .0750 
,1246 .0954 
.1304 .1152 
.1363 .1345 
,1424 .1534 
.1485 .1718 
.1548 .1897 
.1611 .2072 
.1676 .2243 
.1742 .2410 
.1806 .2573 
.1876 .2732 
.1945 .2888 
.2014 .3041 
.2085 .3190 
.2156 .3336 
.2228 .3480 
.2301 .3620 
.2375 .3757 
.2450 .3891 


.00005.2796 
.0002 .2338 
.0005 .6775 
.0009 .9697 
.0015 .1879 
.0023 .3621 
.0032 .5071 
.0043 .6312 
L0055 .7397 
1.0069 .8361 
.0084 .9229 
.0100 .0016 
.0119 .0738 
.0138 .1404 
.0159 ,2021 


.0182 

.0206 

.0231 

.0258 

.0287 

.0317 

1.0348 

.0381 

.0415 

1.0450 

.0487 

.0525 

i.0565 

.0606 

.0648 

.0692 

.0737 

.0783 

.0831 

.0879 

.0929 

i.0981 

.1033 

.1087 

.1142 

1.1198 

i.l255 

.1314 

.1373 

1434 

1.1495 

!.1558 

.1622 

1.1687 

1.1753 

i.lS30 

.1887 

.1956 

.2026 

.2096 

i.2168 

.2240 

1.2314 

.2388 

i.2462 


.2597 

.3137 

.3644 

.4123 

.4576 

.5006 

.5415 

.5805 

.6177 

.6534 

.6876 

.7204 

.7520 

.7824 

.8117 

.8400 

.8673 

.8938 

.9194 

.9442 

.9682 

.9915 

.0142 

.0362 

.0576 

.0784 

.0987 

.1185 

.1377 

.1565 

.1748 

.1926 

.2101 

.2271 

.2437 

.2600 

J>759 

.2914 

.3066 

,3215 

.3361 

.3503 

.3643 

.3779 

,3913 


.00005.5295 
^0002 .3254 
.0005 .7336 
.0010 .0101 
.0017 22 195 
1.0024 .3880 
.0034 .5290 
.0045 .6503 
1.0057 .7566 
.0071 .8512 
.0086 .9365 
1.0103 .0141 
.0122 .0853 
.0142 .1510 
1.0163 .2120 
.0186 .2689 
.0210 .3223 
i.0236 .3726 
.0263 .4200 
.0292 .4649 
.0322 .5075 
.0353 .5481 
.0386 .5868 
.0421 .6238 
,0456 .6592 
.0493 .6932 
.0533 .7258 
.0572 .7572 
.0613 .7874 
k0655 .8165 
.0699 .8446 
.0744 .8718 
.0791 .8981 
.aS39 .9236 
.0SS8 .9482 


.0001 5.7223 
imm .408: 
Lo 006 .7862 
.0011 .9487 
.0018 .2499 
.0026 .4132 
.CK)3d .5504 
,0047 .6689 
.CX)59 .7731 


.0938 

.0989 

1042 

1096 

1151 

1207 

.1265 

1323 

.1383 

1444 

1506 

.1569 

.1633 

.1698 

.1764 

1831 

1899 

1968 

.2038 

.2108 

2>180 

.2252 

.2326 

.2400 

.2475 


9722 

.’9954 

.0179 

.0398 

.0611 

.0817 

.1021 

.1217 

.1409 

.1596 

.1778 

.1956 

.2129 

.2299 

,2465 

.^27 

.2785 

.2940 

.3091 

.3239 

.3384 

.3527 

.3866 

.3S02 

.3935 


i.i 

.00^ .9499 
.0106 .0264 
1.0125 .0966 
.0145 .1614 
.0167 MIB 
.0190 .2781 
.0214 .3309 
.0240 .3806 
,0268 .4276 
0297 .4721 
0327 .5144 
.0359 .5547 
.0392 J5931 
.0426 .6298 
.0462 .6650 
.0500 .8987 
,0538 .7311 
,0578 .7623 
.06^ .7923 
,0663 .3213 
,0707 .8492 
,0752 .8763 
0799 .9024 
0847 .9277 
0896 .9523 
.0946 .9761 
.0998 .9992 
1051 .0216 
1105 .0434 
1160 .0646 
1217 .msn 
1275 .1054 
1333 .1249 
1393 .1440 
1454 .1626 

1516 .isos: 

1579 .19S5: 
1644 .215S: 
1709 .2327. 
1775 .2492 
1S42 .2653 
1910 .2811 
1979 22965 
.2049 .3116 
,2120 .3264 
.2192 .34CE 
.22&5 .3550 

.2412 .3824 
.2487 .3957 
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Values and Logarithms of Hayersines 

COoiara^rtedbtkas of Lofarathms otaitted---detcrmine by rule from tl» value] 

0' 10' ^20' _ 30' ^ 40' oO' 

Taiue Logit Value Logioj Value Logw \ alue Logic Value Logic Value Logja 

601^500 .3979 .2513 .4001 .2525 .4023 .253S .4045 .2551 .4006 .2503 .4088 

01 .2576 .4109 .2589 .4131 .2601 .4152 i.2614 .4173 ,2627 .4195 .2640 .4210 

62 .2653 .4237 .2665 .4258 .2678 .4279 1.2691 .4300 ,2704 .4320 .2717 .4341 

63 .2730 .4362 .2743 .4382 .2756 .4403 .2769 .4423 .2782 .4*144 .2795 .4464 

64 .2808 .4484 .2821 .4504 .2834 .4524 |.2S47 .4545 ,2861 .4565 .2874 .4584 

651.2887 .4604 .2900 .4624 .2913 .4644 '.2927 .4664 .2940 .4683 ,2953 .4703 

6^.2966 .4722 .2980 .4742 .2993 .4761 .3006 .4780 ,3020 .4799 ,3033 .4819 

3046 .4838 3060 .4857 3073 .4876 .3087 .4895 3100 .4914 .3113 .4932 

,3127 .4951 .3140 .4970 3154 .4989 .3167 .5007 ,3181 .5026 ,3195 .5044 

,3208 .5063 3222 .5081 3235 .5099 3249 .5117 ,3263 .5136 3276 3154 

70[.3290 .5172 L3304 .5190 L3317 .5208 .3331 .5226 3345 .5244 .3358 .5261 
.3372 .5279 3386 .5297 .3400 .5314 .3413 .5332 ,3427 .5349 1.3441 .5367 

.3455 .5384 i.3469 .5402 .3483 .5419 .3496 .5436 .3510 .5454 .3524 .5471 

3538 .5488 3552 .6505 .3566 -5522 .3580 .5539 .3594 .5556 ,3608 .5572 

3622 .5589 .3636 .5606 .3650 .5623 '.3664 .5639 3678 .5656 .3692 .5672 

751.3706 .5689 .3720 .5705 .3734 .5722 .3748 .5738 i.3762 .5754 .3776 .5771 

76 .3790 .5787 3805 .5803 i.3819 .5819 -3833 .5835 3847 .5851 .3861 .5867 

77 3S75 .5883 ,3889 .5899 :.3904 .5915 .3918 .5930 3932 .5946 ,3946 .5962 

78 ,3960 .5977 .3975 .5993 .3989 .6009 1.4003 .6024 .4017 .6039 |.4032 .6055 

79 4046 .6070 .4060 .6085 .4075 .6101 .4089 .6116 .4103 .6131 .4117 .6146 

a0|.4132 .6161 .4146 .6176 ;.4160 .6191 .4175 .6206 .4189 .6221 .4203 .6236 

81 .4218 .6251 .4232 .6266 .4247 .6280 .4261 .6295 .4275 .6310 .4290 .6324 

82 .4304 .6339 .4319 .6353 .4333 .6368 .4347 .6382 .4362 .6397 .4376 .6411 

83 .4391 .6425 .4405 .6440 .4420 .6454 .4434 .6468 .4448 .6482 .4463 .6496 

84 .4477 .6510 .4492 .6524 .4506 .6538 .4521 .6552 .4535 .6566 .4550 .6580 

85 .4564 .6594 .4579 .6607 .4593 .6621 .4608 .6635 .4622 .6649 .4637 .6662 

,4651 .6676 .4666 .4680 .6703 .4695 .6716 ,4709 .6730 1.4724 .6743 

.4738 .6756 .4753 .6770 .4767 .6783 .4782 .6796 .4796 .6809 L4S11 .6822 

.4826 .6835 .4840 .6848 .4855 .6862 ’.4869 .6875 .4884 .6887 :.4S98 .6900 

.4913 ,6913 t.4937 .6926 .4942 .6939 1.4956 .6952 .4971 .6964 .4985 .6977 

.5000 .6990 .5015 .7002 .5029 .7015 1.5044 .7027 .5058 .7040 .5073 .7052 

.5087 .7065 .5102 .7077 .5116 .7090 1.5131 .7102 L5145 .7114 .5160 .7126 

,5174 .7139 .5189 .7151 -5204 .7163 .5218 .7175 .5233 .7187 .5247 .7199 

,5262 .7211 .5276 .7223 .5291 .7235 .5305 .7247 .5320 .7259 .5334 .7271 

,5349 .7283 ,.5363 .7294 .5378 .7306 .5392 .7318 .5407 .7329 .5421 .7341 

951.5436 .7353 L5450 .7364 .5465 .7376 .5479 .7387 .5494 .7399 .5508 .7410 

901-5523 .7421 .5537 .7433 .5552 .7444 .5566 .7455 .5580 ,7467 .5595 .7478 

9' ,5609 .7489 .5624 .7500 1.5638 .7511 .5653 .7523 .5667 .7534 .5682 .7545 

98 ,5696 .7556 .5710 .7567 1-5726 .7577 .5739 .7588 .5753 .7599 .5768 .7610 

99 .5782 .7621 .5797 ,7632 .5811 .7642 .5825 .7653 1.5840 .7664 .5854 .7674 

100 ,5868 .7685 .5883 .7696 |.6S97 .7706 .5911 .7717 .5925 .7727 .5940 .7738 

101 ,5954 .7748 .5968 .7759 .5983 .7769 .5997 .7779 .6011 .7790 L6025 .7800 

102 ,6040 .7810 .6054 .7820 j.6068 ,7830 .6082 .7841 |.6096 .7851 .6111 .7861 

103: .6125 -7871 .6139 .7881 .6153 .7891 1-6167 .7901 .6181 .7911 .6195 .7921 

104|.6210 .7931 .6224 .7940 .6238 .7950 ,6252 .7960 .6266 .7970 .6280 .7980 

105 ,6294 .7989 .6308 .7999 .6322 .8009 1.6336 .8018 .6350 .8028 .6364 .8037 

106 .6378 .8047 .6392 .8056 .6406 .8066 .6420 .8075 .6434 .8085 .6448 .8094 

1071.6462 .8104 i.6476 .8113 .6490 .8122 .6504 .8131 .6517 .8141 .6531 .8150 

108 ,.6545 .8159 i.6559 .8168 .6573 .8177 .6587 .8187 1.6600 .8196 .6614 .8205 

109 .6628 .8214 .6642 .8223 .6655 .8232 '.6669 .8241 .6683 .8250 .6696 .8258 

110|.6710 .8267 .6724 .8276 .6737 ,8285 1.6751 ,8294 .6765 .8302 1.6778 .8311 

1111.6792 .8320 .6805 .8329 .6819 .8337 1.6833 ,8346 .6846 -8354 .6860 .8363 

1121.6873 .8371 .6887 .8380 .6900 .8388 I.691S ,8397 .6927 .8405 j.6940 .8414 

113 .6954 ,8422 .6%7 .8430 ;-6980 .8439 .6994 .8447 .7007 .8455 .7020 .8464 

114|.7034 -8472 .7047 .8480 >7060 .8488 .7073 .8496 .7087 .8504 .7100 .8513 

115i.7113 -.8521 .7126 .8529 1.7139 .8537 .7153 .8545 .7166 .8553 .7179 .8561 

116|.7192 .8568 1.7205 .8576 |.7218 .8584 .7231 .8592 .7244 .8600 .7257 .8608 

1171.7270 .8615 i.7283 .8623 .7296 ,8631 .7309 .8638 .7322 .8646 .7335 .8654 

118L7347 .8661 L7360 .8669 .7373 .8676 .7386 .8684 1.7399 .8691 .7411 .8699 

1191.7424 ,8706 i.7437 .8714 .7449 .8721 .7462 .8729 .7475 .8736 .7487 .8743 
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X] Values and Lc^arftliinH of Harersmes 

ICbarswrterktks of Logarithms by nifc from the tadwl 


0 ' 

Value Logic 


142 .8940 

143 .8993 

144 ,9045 

145 .9096 

146 .9145 

147 .9193 


14S 

149 

160 


.9240 

.9286 

.9330 


151 .9373 .971 

152 .9415 .973 

153 ,9455 .975 

154 ,9494 .977 

155 .9532 .979 

156 ,9568 .980 

157 .9603 .982 
15S|.9636 .983 
159 .9668 .985 
1601,9698 .986 
16 1! .9728 .988 
162; .9755 .989 

163 .9782 .990 

164 .9806 .991 
165! .9830 .992 
1661.9851 .993 
16^ .9872 .994 
1681.9891 .995 
169|.990S .996 
1701.9924 .996 
171.9938 .997 
172.9951 .997 

173 .9963 .998 

174 .9973 .998 
176;.9981 


176 

177 
1781 
179 


.9988 

.9993 

.9997 

.9999 


iO' , 20' 3u' I 40' f 

% alue Logis [Value Logic | Value Logts ; Valise Logit jVal at* 


.7513 ,8758 r525 
.7588 .8801 TOGO 
.7662 .8843 7674 
'35 .SSS5 r748 
.7808 .8925 7820 
.7880 ,8965 7892 
.7951 ,9004 .7962 
.8021 ,9042 1.8032 
.8090 .9079 .8101 
.S15S ,9116 .8169 
.8225 .9151 .8236 
.8291 .9186 .8302 
.8356 .9220 .8367 
.8421 ,9253 .8431 
.8484 .9286 .8494 
.S546 .9318 .8556 
.8607 .9348 .8617 
.8667 .9379 .8677 
.8725 .9408 .8735 
.8783 ,9436 ,8793 
.8840 ,94&i .8849 
.8895 .9491 .8904 
.8949 .9518 .8958 
.9002 .9543 .9011 
.9054 .9568 .9062 
.9104 ,9592 .9112 
.9153 .9610 .9161 
.9201 .9638 .9209 
.9248 .9660 .9256 
.9293 .9682 .9301 
.9337 .9702 .9345 
.9380 .9722 .9387 
.9422 .9741 .9428 
.9462 ,9760 .9468 
.9500 .9777 .9507 
.9538 .9791 .9544 
.9574 ,9811 .9579 
.9608 .9826 ,9614 
.9641 .9841 L9647 
.9673 ,9850 ;.9678 
,9703 .9869 '.9708 
9732 ,9882 .9737 
,9760 ,9894 .9764 
,9786 ,9906 -9790 
.9810 .9917 .9814 
.9833 ,9927 .9837 
.9855 .9937 .9858 
.9875 ,9945 -9878 
-9894 .9954 .9897 
.9911 .9961 .9914 
1.9927 .9968 .9929 
1.9941 .9974 .9943 
.9953 .9980 .9955 
.9964 .9984 i.9966 
.9974 .9988 ,9976 
.9982 .9992 .9983 
.9989 ,9995 .9990 
.9994 .9997 .9995 
.9997 .9999 .9998 
.9999 .9999 .9999 


.8765 i.753.S 
.8808' '612 
.S850 '686 

.8892 'im 
.8932 .72812 
.8972 904 

.9010 .7974 
.9018 1.8044 
.9085 .8113 
.9122 .8180 
-9157 .8247 
.9192 .8313 
.9226 

.9259 .8142 
.9291 1.S501 
.9323 .8566 
.9353 |.8027 
.9383 j.SG88 
.9413 .8745 
.9441 .8802 
.9469 8S5S 
.9496 .8913 
.9522 .8967 
.9548 .9<319 
.9572 .9071 
.9596 .9121 
.9620 .9169 
.9642 ,9217 
.9664 .9263 
.9685 .9308 
.9706 .9352 
.9725 .9394 
.9744 .9435 
.9763 .9475 
.9780 9513 
.9797 .9550 
.9813 .9585 
.9829 .9619 
.9844 .9652 
.9858 .9683 
.9871 .9713 
.9884 .9742 
.9896 .9769 
.9908 .9794 
.9919 .9818 
.9929 .9841 
.9938 .9862 
.9947 .9881 
.9955 .9900 
.9962 .9916 
.9969 .9931 
.9975 .9945 
.9981 .9957 
.9985 .9968 
.9989 .9977 
.9993 .9985 
.9996 .9991 
.999$ .9995 
.9999 .9998 
.9999 .9999 


.8772 ’550 

.8''I5 >*»25 

.8V>7 .7699 
.seOs .7772 
2^93y .7844 
.8978 '915 
.9017 9S>6 

,9o55 .'^055 
.9092 .8134 
.912^ .8192 
.9163 ^258 
.9198 .Si24 
.92.31 .8.389 
.92t;4 .84.32 
.9297 -8.515 
.9328 .8,576 
.9.359 .8637 
.9S.S8 .8690 
.9417 .8754 
.9440 .8811 
.1M73 .8867 
.9500 .8922 
.9526 .8976 
.9552 .9028 
.9576 .9079 
.9600 .9129 
.9623 .9177 
.9646 .9225 
.906.8 .9271 
.9689 .9316 
.9709 .9:159 
.9729 .9401 
.9747 .9442 
.9766 .9481 
.9783 .9519 
.9800 .9556 
.9816 .9591 
.98:11 .‘>625 
.9846 .9657 
.9860 .9688 
.9874 .9728 
.9886 .9746 
.9898 .9773 
.9910 .9798 
.9920 .9822 
.9930 .9844 
.9<340 .9865 
.9948 '.9885 
.9956 .9903 
.9963 .9919 
,9970 .9934 
.9976 .9947 
.9981 .9959 
.9986 .9969 
.9990 .997$ 
.9993 .99^ 
.9996 .9992 
.9998 .9996 
.9099 .9999 
. 9 ^ . 99 ^ 


.8780 .''T.hT 

. s .‘'22 . 7 »:: i 7 
.8^64 ,7711 .8^71 
.7781 .yilL’ 
.81>45 ,78,56 ,8052 
.8985 .7927 .Sieii 
.‘X»2:4 ,7997 
,9061 .8ii67 M.Hj7 
.00‘98 .8135 .9104 
,9134 .8203 .9140 
.9169 -8269 .9175 
.9203 .sm> AyjifJ 
.9237 .9242 

.9270 .M63 .9275 
.9302 .8,525 .9;i07 
.93.33 -8,587 .93,38 
.9384 .8647 .9369 
.939:1 .8706 .93‘>8 
.9422 .87f4 .9427 
.9450 .$82 1 .9455 
,9478 .$877 .fM82 
.9505 .8931 .9.509 
.9531 .8984 .9.535 
.955t.i .9^.i;i7 .9561, i 
.9580 .91)87 .958.1 
.9604 .9137 .9008 
.9627 .91.85 .96.31 
.96.50 ,9'm .<^>3 
.9671 .9278 .9675 
.9692 .9323 .9695 
.9712 .9366 .9716 
.9732 .94<M .9735 
.9751 .9448.9754 
.9709 .9488 .9772 
.9786 .9525 .97S9 
.9803 .9562 .9S05 
.9819 .9597 .9821 
.98:34 .9630 .983t.i 
.9-849 .9t>63 .9851 
.986:3 .9693 .9865 
.9876, .9723 .9S78 
.9.8, NS .9751 
.IHMiO .9777 .9^2 
.9911 .9.802 .9913 

.9922 .9826 .9923 
.9932 .9848 .9933 
-9941 .9869 ,9*943 
.9950 .9888 .9951 
.9957 .9905 .^59 
.9965 .9921 .9966 
.9971 .9936 .9972 
.9977 .9949 .997n 
.9952 .9961 .99S3 
.9987 .9971 .9987 
.9991 .99S0 .9991 
.9994 .9987 .9994 
.9996 .9992 .9997 
.999$ .9996 .9998 
-9999 .9999 .9999 

.cxKX) i.ooc» ,oom 



Table XI — Factor TaUe — L<^aritlims of Primes 

[If -V Ig prim*, It* logarithm la If .V Is aot priiae, its facks^ are ^ven.] 


004321373S 

3*37 

112 

1172712957 

3*47 

1789769473 

7*23 

32*19 

25767S5749 

2810333G72 


012S372247 | 
0530784435 I 
3*41 i 

7-19 
11*13 
32-17 

2121876044 

23S0461031 

3*61 

2S55573090 | 


0293S37777 

32*13 

1038037210 

1367205672 

3‘7» 

195S996524 

2227164711 

3*59 

11*17 

2944662262 


21 

3242824553 

3*71 

7-31 

•>2 

13*17 

34S304S630 

3560258572 

23 

3-7-U 

3673559210 

3*79 

24 

3S20170426 

3^ 

13*19 

25 

3996737215 

11*23 

4099331233 

26 

3*-29 

41995574S5 

3*89 

27 

4329692909 

3-7-13 

4424797691 

28 

4487063199 

4517864355 

7*41 

29 

3-97 

4668676204 

3»*11 

30 

7-43 

3-101 

4871383755 

31 

4927603890 

4955443375 

5010592622 

32 

3-107 

17-19 

3*109 

33 

5198279938 

3*- 37 

5276299009 

34 

11-31 

7* 

5403294748 

35 

3»-13 

5477747054 

3*7*17 

36 

19* 

3-11* 

5646660643 

37 

7-53 

5717088318 

13-29 

38 

3-127 

5831987740 

3**43 

39 

17-23 

3-131 

5987905068 

40 

6031443726 

13-31 

11-37 

41 

3-137 

7-59 

3-139 

42 

6242820958 

33-47 

7-61 

43 

6344772702 

6364878964 

19-23 

44 

3»-7* 

6464037262 

3-149 

45 

11-41 

3-151 

6599162001 

46 

6637009254 

6655809910 

6693168806 

47 

3-157 

11-43 

3*-53 

48 

13-37 

3-7-23 

6875289612 

49 

6910814921 

17-29 

7-71 

50 

3*167 

7015679851 

3-13* 

51 

7-73 

3»-19 

11*47 

52 

7168377233 

7185016889 

17-31 

53 

3*- 59 

13-41 

3*179 

54 

7331972651 i 

3-181 

7379873263 

55 

19-29 

7-79 

7458551952 

56 

3-11*17 

7505083949 

3^-7 

57 

7566361082 

3-191 

7611758132 

58 

7*83 

11-53 

7686381012 

59 

3-197 

7730546934 

3*199 

60 

7788744720 

3*-67 

7831886911 

61 

13-47 

7874604745 

7902851640 

62 

3*- 23 

7-89 

3*11*19 

63 

8000293592 

3-211 

7**13 

64 

8068580295 

8082109729 

8109042807 

65 

3-7-31 

8149131813 

3**73 

66 

8202014595 

3-13-17 

23-29 

67 

11*61 

8280150642 


68 

3*227 

8344207037 

3-229 

69 

8394780474 

3*-7-ll 

17-41 


0374264979 

7*17 

3-43 

143014S003 

1731862684 

3*53 

13* 

2528530310 

3»*7 

29SS530764 

11*19 

3-73 

3598354823 

3783979009 

3*83 

7*37 

4297522800 
3*- 31 
17* 

13-23 

3-103 

11-29 

7-47 

3*113 

5428254270 

5550944486 

32-41 

5786392100 

5899496013 

3-7*19 

6117233080 

6222140230 

3-11*13 

6424645202 

6522463410 

32*17 

7-67 

6803355134 

3-163 

6981005456 

7067177823 

3-173 

23* 

72-11 
3*- 61 
13*43 

7551122664 

3-193 

19-31 

7774268224 

3-7-29 

7916906490 

17-37 

3*- 71 

11-59 

I 8188854146 


3-223 

7-97 

13-53 

3*233 


Log y 


2 301029995664 

3 477121254729 

5 698970004336 

7 845098040014' 

11 0413926S5158 
13 113943352307 
17 230448921378 
19 27S753600953 
23 361727836018 
29 462397997899 
31 491361693834 
37 568201724067 
41 6127S3S56720 
43 63346S4555S0 
47 672097857936 
53 724275869601 
59 770852011642 
61 785329S350U 
67 826074802701 
71 851258348719 
73 863322860120 
79 897627091290 
S3 919078092376 
89 949390006645 
97 986771734266 


301 1142772966 
303 1149444157 
307 1162755876 
319 1202447955 
321 1209028176 
327 1228709229 
361 1338581252 
367 1357685146 
373 1376705372 
381 1401936786 
399 1458177145 
409 1489109931 
1532049001 
1544239731 
1550322288 
1562461904 
1580607939 
1604685311 
1616674124 
1622656143 
1640552919 
1676126727 
1705550585 
1711411510 
1723109685 
1728946978 
1740598077 
1758016328 
1792644643 
1826999033 
1849751907 
1883659261 
1900514178 
1911714557 
1928461152 












Factor Table — Logaritiuas of Primes 

[HA’^baprfiaeJtsk)^!3tfithakidT^ K .V k ss^ » prase. Iii f»«^ »Pt 


S4571S0iS0 
3=-79 
7*103 
17*43 
3*13*19 
8756399370 
5S13S4656S 
*,,3*257 

78 11*71 

79 7*113 

80 32*89 

81 909020S542 
9143431571 


86 23-37 

86 3*7*41 

87 13*67 

8S 9449759084 

89 3** 11 

90 17*53 

91 9595183770 

92 3*307 

QQ 78.10 

94 9735896234 

95 3*317 

96 312 

97 9872192299 

98 3=*109 

99 9960736545 

100 7*11*13 

101 3*337 

102 0090257421 

103 0132586653 

104 3*347 

105 0216027160 

106 0257153839 

107 32*7*17 

108 23*47 

109 0378247506 
no 3*367 

111 11*101 

112 19*59 

113 3*13*29 

114 7*163 

ns 0610753236 

116 32*43 

117 0685568951 

118 0722498976 

119 3*397 

120 0795430074 

121 7*173 

122 3-11-37 

123 0902580529 

124 17-73 

125 32-139 

126 13-97 

127 31*41 

128 3*7*61 

129 1109262423 


10*37 

23*31 

3*241 

S651039746 

S7098SS13S 

3*251 

7*109 

SS81794939 

3»*29 

13*61 

11*73 

3*271 

9153998352 

72*17 

3*281 

9309490312 

9360107957 

32-97 

945960703G 

19*47 


9790929006 

32-107 

7-139 

9925535178 

3*331 

17-59 

0056094454 
3*11*31 
0141003215 
7*149 
3*- 13 

0265332645 

29*37 

3*192 

0386201619 

0425755124 

3*7*53 

0503797563 

11*103 

32*127 

0618293073 

0655797147 

3*17*23 

7*132 

0766404437 

3*401 

OS3S608009 

0S74264570 

3*- 137 

11*113 

7*179 

3*421 

19-67 

1082266564 

3*431 


* -lui 
3 * 239 

8615344109 

11*67 

3**83 

B79095S795 

13*59 

3*7*37 

8959747324 

9014583214 


3*269 

19*43 


9175055096 

3«*31 

7*112 

9329S0S219 

3*172 

9429995934 

9479236198 

3*13-23 

9576072871 


9717395009 

9763499790 

3*11*29 

9854264741 

9S98945637 

3*7*47 

9986951583 


7-151 

11*97 

3*359 

0362295441 

0402066276 

3**41 

0480531731 

72-23 

3*379 

31*37 

13*89 

3-389 

11*107 

0744507190 

32-7-19 

17*71 

0852905782 

3*409 

0923696996 

29*43 

3-419 

7-181 

1061908973 

32-11*13 

1129399761 


.‘"56724s8y04' 

3» 

86864443H4 

7-107 

3*11*23 

8^59263398 

19*41 

3*263 

17*47 


90794S52I6 

32*7*13 

9185545306 

9237619608 

3*283 

9339931638 

11*79 

3 *‘293 

7*127 

29*31 

32*101 

9633155114 

968^0157140 

3*313 

13*73 

7* 137 

3* 17* 19 


23*43 

3»*37 

003S911662 

00817418*0 

3*7» 

0166155476 

0207754882 


0526939419 

17*67 

3-3S3 


3-13-31 

23*53 

0895518829 

0965624384 

1000257301 

3>*47 

1068705445 

1102529174 

3*433 


1 

.KI4191I319 
2 1 

141 , 
207*’i:M;5fi.74 
2’?9246n4.^-‘> I 
2097830148 ’ 
2I13.s75o29 
2M04S(S794 
2193225084 
2208922492 
2219355fl«> 
2224»m7 
2286569581 
22%818423 
2301933TS« 
^274^5627 
235780^703 
2362852774 
2387985627 
2407^7711 
2422929<KS0 
207S19161 
245265.S395 
249687'127S 
2511513432 
2521245525 
2526ia34i<i' I 


25791 845*', )3 ; 
2tH)T.vk»C ^ 
2626883443 
266466^54 
2697463731 
2711443179 
2720737875 
2725377774 
2734W2T26 
2739267801 
2762319579 
27^21169 
1^0350^i») 
2817149700 
i^7822738 
286^18540 
1^811^1 
2902573^ 
^296127M53 
: 2964457942 
298197S671 
2995072987 
3003780649 
^^8127941 
^168094^ 

■ mmiwim 
304705898*2 
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TaMe XEE a — Compoond Interest: (1 + r)™ [xii j 

kmxrm or Okjs EtotiAS Pkincipal at Coitwriro IjiTERJEST Artm n Ykais 


































































Table XII b — Compound Discount: 1 (1 ~ 

PsE*Kv7 \av « nir IW-um Di m. at th« Lns r-r i* ^ f,i» 


I 30 I 3 ;^'; j i I 


8 O i 

747 -M .71^^.* 
7ij4im 

.A«*27." 

**•10* < 04TV| 





.556•^4 


.4 14;]] 

.53»fJ2 

.40vv| 


,»'■»< ■ 1 

.442:i«'i 

.■W7''2 


.41727 

. mi5 

.45M 1 

AMMht 

.M>7:i 

.430x30 

217136 


.41552 

.3.5VM 

.2^'CM 

.30573 

1 .33t**I 

.27rk*t 



44 .41S40 .33740 1 

45 .41020 .32917 ! 

46 .40215 .32115 ’ 

.39427 .31331 
.38654 .30567 
.37896 .29822 


.29763 .24403 .2tKi2.S 
.2 n896 .23.578 .1V»25T 
.28054 .227J>1 .18517 

.27237 .22010 .17805 
.20444 .21266 .17120 
.25674 .20547 .16461 

,24926 .19852 .15828 
.24200 .19181 .15219 
.23495 .18532 .14634 


.37153 i .29094 ? -22M1 : .17905 I .14071 
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EXIIo 


Table XH c — Amount of an Annuity 

AiforjfT or ak Annott or 0 ns Dolus pkh Ysab Arres n Yeass 



SI- 


S\ 57 

4rc 

4V 



* U 

l.OOOOl 

2.020U| 

3.0604 

1.0000 

2.0250; 

3.07561 

1.0000 

2.0300 

3.0909 

1,0000! 

2.0350; 

3.1062; 

1.0000 

2.0400 

3.1216 

1.0000 

2.0450] 

3.1370] 

1.0000 

2.0500! 

3.1525] 

1.0000 

2.0600 

3.1836 

1.0000 

2.0700 

3.2149 

4.1216] 
5.2040| 
6l 6.30S1 

4.1525 

5.2o63| 

6.3S77 

4.1S36 

5.3091 

6.46S4i 

4.2149] 

5.3625] 

6.5502' 

4.2465 

5.4163 

6.6330] 

4.2782| 

5.4707[ 

6.7169 

4.3101 

5.5256! 

6.80191 

4.3746 

5.6371 

6.9753 

4.4399 

6.7507 

7.1533 

7.4343, 

S.5S30 

9.754(>[ 

7.5474] 

8.7361 

9,9545] 

7.6625 

S.S9231 

10.1591 

7.7794! 7.8983 

9.0517i 9.2142 

10.36851 10.5828 

8.0192 

9.3800 

10.8021 

ai42oi 

9.5491 

11.02661 

a3938 

9.8975i 

11.4913 

a6o4fl 

10.2598 

11.9780 


Il0ll0.9497jii.2034! 11.4G39; 11.7314 12.0061 12.2S82| 12.5779| 13.1808| 13.816^ 

12.1687 12.4S35 12.S07S| 13.1420 13.4864 13.S412| 14.2068! 14.9716! 15,7836 

13,4121 13,7956 14,19201 14.6020 15.0258 15.46401 15.9171 16.8699; 17.8885 

14.6803! 15.1404 15.617S| 16.1130 16.6268 17.1599j 17.7130 18.8821 20.1406 

14115.073946.5190 17.0863' 17.6770 18.2919 18.932l' 19.5986i 21.0151 22.5505 

17.2934 17.9319; 18.5989 19.2957i 20.0236 20.7841 21.5786; 23.27601 25.1290 

6118.6393; 19.3802 20.1569 20.9710| 21.8245 22.7193 23.6575 25.6725 27.8881 

20,0121 20.864’ 21.7616 22.705o| 23.6975 24.7417 25.8404^ 28.2129 30.8402 

1.4123 22.3863] 23.4144 24.4997 25.6454 26.8551 28.1324 30.9057 33.9990 

22.S40C 23.9460| 25.1169 26.3572] 27.6712 29.0636] 30.5390 33.7600 37.3790 

24.2974 25.54471 26.87041 28.2797] 29.7781 31.3714] 33.0660 36.7856: 40.9955 

25.7833 27.1833 28.6765 30.2695 31.9692] 33.7831, 35.7193 39.9927; 44.8652 

27.2990 28.8629 30.5368 32.3289 34.2480 36.3034 38.5052 43.3923 49.0057 

|23|2S.S450l30.5S44 32.4529 34.4604 36.6179| 38.9370| 41.4305 46.99581 53.4361 

124130.4219 32.3490 34.4265 36.6665 39.0826] 41.6892 44.5020 50.8156 5ai767 

32.0303 134.1578 36.4593 38.9499: 41.6459; 44.565! 47.7271 54.8645 63.2490 

33.6709 36.0117 38.5530 41.3131 44.31171 47.6706, 51.1135] 59.15641 68.6765 

35.3443 37.9120 40.7096 43,759l! 47.084! 50.71131 54.6691 6S.705S' 74.4838 

|28l37.0512 ,39.8598 42.9309 46.2906 49.9676! 53.9933! 58.4026] 68.5281 80.6977 

l29|38.7922|41.8563 45.2189 48.9108 52.9663^ 57.4230 62.3227| 73.6398] 87.3465 

130140.5681 [43.9027 47.57o4| 51.6227 56.0849| 61.0071 66.4388 79.0582 94.46(^ 

|42.3794|46.0003 50.0027 54.4295 59.3283 64.7524] 70.7608 84.8017 102.0730 

44.2270 48.1503 52.5028 57.3345! 62.7015 68.666! 75.2988 90.8898110.2182 

46.1116 50.3540 55.0778; 60.341: 66.2095 72.7562] 80.0638 97.3432 118.9334 

|34|48.033S|52.6129| 57.730: 63.453: 69.85791 77.0303 85.0670 104.1838 128,258? 

49.9945 54.92821 60.4621 66,6740 73.6522 81.4966 90.3203 111.4348138.2369 

51.9944 57.3014 63.2759 70.0076, 77.5983 86.1640 95.8363 119.1209148.9135 

54.0343 59.7339* 66.1742] 73.4579 81.7022 91.041 101.6281 127.2681 160.337 

56.U49!r)2.2273 69.1594: 77.0289 85.9703 96.1382 107.7095 135.90421 172.561C 

58.2372 [64.7830 72.2342 80.7249 90.4091 101.4644414.0950 145.0585:185.6403 

|40 60.4020 67.4026 75.4013 84.5503 95.0255 107.0303 120.7998 154,7620! 199.6351 

141|62.6100 70.0876 78.6633] 88.5095 99.8265 112.8467 127.8398 165.0477 214.609€ 

|42l64.8622|72.8398 82.023: 92.6074| 104.8196 118.9248] 135.2318 175.9505 230.6322 
,67,1595 75.6608 85.4839 96.8486 110.01241 125.2764] 142.9933 187.5076 247.776S 

44l69.5027|78.5523 89.0484] 101.2383 115.4129] 131.91381151.1430 199.7580 266.120S 
45171.892' 81.5161 92.71991 105.7817] 121.0294j 138.8500 159.7002 212.7435 285.7495 
46 74.3306 184.5540 96.501i 110.4840 126.8706 146.0982] 168.6852 226.5081 306.751? 

47l76.8172iS7.6679jl0O.3965 115,3510l 132.94541 153.6726 178.1194 241.0986 3292224^ 
48 79.3535 90.8596ll04.40S4ll20.3883 139.2632' 161.5879| 188.0254 256.5645 353.270: 
49|81.9406|94.1311 108.5406 125.6018: 145.8337] 169.8594 198.4267 272.9584 378.999C 

50l84.5794i97.4843 112.7969 130.9979 152.6671 178.5030 209.3480 290.3359 406.5^ 



X 1 1 d] Table XU d — Present Value of an Annuity 13 1 

Pife^xT- Vali IE or On* Dojuuk na Ymii mm rt 


, S 


b.uuloj v7m 


5-1 

lauM 

.9524 

; .94'-i; .934h 


1 I ''..■i.'i'l ■ l.Sii.K. ’ 

2.7212 : 

2.67o--; 

ZMm 

:146,31^ 3.:iH72 

4.3«U3 

4.2124 4.1[.Mj2 

5.U757 

4.9173 

5.7S64 

5,5824 5.3s93 

6.4632 

6.2«.f*i8 5.9713 

7.107s 

: 6 ''■UlT ! 6.5152 


h-u2.Vi* 

y.u-Nt) s,:m^ 

m^*29 9MM S.S5*I7 


4.2919 ’13.7122 U3.160 
4 .y 92 J.M- 1 . 3 :wM i ■ 3 . 7 o.J, 
0.9783 :i 4 . 07 > 0 ^ 4 . 323 . 


10.3514 jl5.5^y2 114.8775 114.2124 s!3.5^‘3 i 7 


- 5 .^^ 


19.7928118.4019.1 


7.7995 25.4661 23.4124 21.5991 19.9931 1S.5661 17.2944 ; 13.1 iSM il i. M! 

28.2348 25.8206 23.7014 21.8349 20.1856 lS.72:i6 I7.42:j2 13.2245 i I i.l' Jl 

28.6610 26.1664 23.9819 22.0627 20.3708 1S,S742 17.5459 |15.iCti.2 j 13. 

29.0800 26.5038 24.2543 2222S2S 20.54SS 19.0184 17.662S H5.3'?32 13.3579 

29.4902 26.8330 24.51S7 22.4955 20.7200 IS.lotVi 17.7741 j 1.3. 453’> I 

29.8923 27.1543 24.7754 22.7009 20.8847 19.2S84 IT.SbUl 1 15.5244 

30.2866 27.4675 25.0247 22.8994 21.6429 19.4147 ir.OSIi's 'I3,<910 

30.6731 27.7732 25.2667 23.0912 ; 2 1.195 1 19.5:r9> 18.0772 1 .3 

31.0521 28,0714 25.5017 23.2766 21.3415 1Q.05I3 'lS.16>7 1,3 70.70 13.7f30.'^ 


31.4236 |2S.3623 [25.7298 123.4556 121.4S22 :19.7620 18.2550 15.7619 

















132 Table XH e — Lc^arithms for Interest Computations 


1 % 

lire 

iff 

31 1 

41 


cxir 


^ + r log a r) 


1.005 

1.010 

1-015 

1.020 

1.025 

1.030 

1.035 

1.040 

1.045 

1.050 


00216 60617 5G50S 
00432 13737 82643 
00646 60422 49232 
00860 01717 61018 
01072 3S653 91773 
012S3 72247 05172 
01494 03497 92937 
01703 33392 987S0 
01911 62904 47073 
0211S 92990 69938 


51% 

&% 

5h% 

7% 




9 


% 


I~hr 

1.055 

1.060 

1.065 

1.070 

1.075 

1.080 

1-085 

1.090 

1.095 

1.100 


a 


For -imouat, .4. of any principal, P, after 
or pre.- 5 ent worth, P, of any amount, A, at 
1 o find logarithms and anthogarithms of A 
Table XI p. 126, and Table I a. p. 20 . 


^2325 2459033711 
02o30 58652 6477A 

02734 96077 7 I 757 
0293S 37776 i52?0 

03140 84G42 51624 
03342 37554 86950 
03542 97381 84^ 
03742 64979^^1 
03941 41191 7C137 
04139 26851 


n years: .4 = P(;i 4 . rjn^ 

the end of rt years: P == .W (i 4 . 

and P to many significant figures, use 


Table XH f American Experience Mortality Table 

Based on 100,000 living at age 10 


^ Deaths I Number 

Age Surviving ^^[Age Survi^ 


100,000 

99,251 

98,505 

97,762 

97,022 

96,285 

95,550 

94,818 

94,089 

93,362 

92,637 

91,914 

91,192 

90,471 

89,751 

89,032 

88,314 

87,596 

86,878 

86,160 

85,441 

84,721 

84,000 

83,277 

82,551 


749 

746 

743 

740 

737 

735 

732 

729 

727 

725 

723 

722 

721 

720 

719 

718 

718 

718 

718 

719 

720 

721 
723 
726 
729 


35 

36 

37 

38 

39 

40 

41 

42 

43 
44 | 

45 

46 

47 

48 

49 

50 
61 

52 

53 

54 

55 

56 

57 

58 


81,822 

81,090 

80,353 

79.611 

78,862 

78,106 

77,341 

76,567 

75,782 

74,985 

74,173 

73,345 

72,497 

71,627 

70,731 


732 60 
737 61 
742 62 
749 63 
756 64 


765 

774 

785 

797 

812 

828 

848 

870 

896 

927 


65 

66 

67 

68 

69 

70 

71 

72 

73 

74 


57,917 1,546 
56,371 1,628 
54,743 1,713 
53,030 1,800 
51,230 1,889 


69,804 962 1 76 

68,842 1,001 1 76 
67,841 1,044 
66,797 1,091 
65,706 143 


49,341 

47,361 

45,291 

43,133 

40,890 


1,980 

2,070 

2,158 

2,243 

2,321 


64,563 

63,364 

62,104 

60,779 

59,385 


199 

1,260 

1,325 

1,394 

1,468 


38,569 2,391195 
36,178 2,448* 
33,730 2,487, 
31,243 ( 2,505 
28,738 1 2,501 

26.237 2,476 1 
23,761 2,431 1 
21.330 2.369 
18,961 2,291 1 
16,670 2,196 1 


80 | 

811 

84 


14,474 

12,383 

10,419 

8,603 

6,955 


2.091 

1,964 

1,816 

1,648 

1,470 


5.485 

4,193 

3,079 

2,146 

1,402 

847 


1,292 

1,114 

933 

744 

555 

385i 



Xin] TaMe Xin — Impcwrtaat Constants 1 i3 


IxKxJLRrrfiMS or Impi.>htan't i'uKnTXKm 


r. - 

VtllE ■ f I 

L- - 


3. 14159260 

■■ ■4 .>7*4 

1 -> T 

n,iis.iLWi 

*• i 

IS-* 

9.8t>l*tiiM40 

0:/.42' '■,•75 

NX 

l.< 724 »j3n5 

u;j-In.:74:,4 

e = Xaperiaii Base 

2.7182818.1 

0..4 

J/ — log:3 € 

0.43129418 

0-^577 :: 

1 3/ = leg. 19 

2.30258599 

0.562-;! 

180 -r- T = dep^ees in 1 radian 

57.2957795 

1.75'*122-4 

X -V- ISO = radian? in P 

0.01745-529 

8..2II‘^77'';7 

X lOSOO = radians in 1* 

0.00021^ ?v%82 

648 u 2^’ 12 

X -v- 64S000 = radians in 1'' 

i :.?> -A ipi 3681 1095 

4.1**^557487 

?in r' 

i;:76 

4.08,5574*^7 

tan 

0.00000484513681 1 133 

4.lvs5574''7 

centimeters in 1 ft. 

30.4sr» 

14840158 

feet in i cm. 

0.03280.8 

8,5I5‘,«842 

inches in 1 m. 

39.37 exact legal %*alue) 

1.5951654 

pounds in 1 kg. 

2.204G2 

il8 *43349 

lolograms in 1 lb. 

0.453593 


g (average vaiue) 

32.16 ft. 8ec. sec. 

2.50^73 


« 081 cm. ?ec. '*w. 


weight of i cu. ft. of water 

62.425 :h. unax. de:.iity/ 

I.7y53%>b#> 

weight of 1 cu. ft. of air 

0.0807 Ib. iuf 32' r.! 


cu. in. in 1 (U. S.) gallon 

231 H'xact ieg.il v;due.; 

2.3636120 

ft. ib. per sec, in 1 H. P. 

5o0 «f'Xa.ct icga^ value.' 

2.7103627 

kg. m. per sec. in 1 H. P. 

76.0404 

LshPs|45 

watts in 1 H. P- 

745.957 

2.8727135 


Se%*eral Numbers Vert Accuratelt 



T = 3.14159 

26535 

89793 

23846 

264,33 

8.3280 

€ = 2.71828 

1S2S4 

59045 

23536 

02^74 

71353 

M ^ 0.43429 

44S19 

03251 

8276.5 

11289 

18917 

1 ^ 2.3025S 

50929 

94045 

68401 

79914 

54684 

logio = 0.49714 

9S726 

94133 

85435 

12682 

88291 

logic 3/ = 9.6377S 

43113 

00536 

7S912 




Certain Con\*enient Values for n 


1.000000 

O.oOOOOO 

0.333333 

0.250000 

0.200000 

0.166667 

0.142857 

0.125000 

0.111111 

0.100000 


1.00000 

1.41421 

1.73205 

2.00000 

2.23607 

2.44949 

2.64575 

2.S2843 

3.00000 

3.16228 



1 

2 

6 

24 

120 

720 

5040 

40320 

302SS0 

3628800 


i.ooo(K>:« 

0.5000('K» 

0.166(^7 

0.0416667 

0.0083:133 

O.OOI38S9 

0.00019S4 


0.000024S tj.'isi 

Q.mxms 

0.0<K>j}03 


O.OOOOOOV*^ 
0.301029'>>-i 
0.477121255 
0.CCf205‘XKiI 
0,6**8970^4 
0.778151.:/ ^ 


ij.V542l2 Kj'i 














Table XTV a — Four Place Logarithms 



9|l23|45 6|789 


_The proportional parts are stated in full for every tenth at the right-hand side 
The logarithm of any number of four significant figures can be read directly by add- 















60 | 77 *‘J jT 7 b;.* i 7 7lJi>j' 
TbttO 7,N.j> ' 


'N.?.i |7^lUj 75lSi; 

S7.7.' 




’i^'2-i 931 ,j *j3^,7945f7yoLl 7*J*’>l^7i^")»j.797o 7i<’'7| 
l7993;bU00|^O0T■^014;:^O21•’^OL>^ii.03:»;vJ41>,^ 

!'^0G2!S0G9'S075’ S'jS2'm)s 9 j 1 O^V’v ^ 11 » -h 1 2v 
S 1 21* j N 1 3 ; . ; S 1 42 > 1 4u i ^ L79 ! > 1 02,- 1 9i*.' ! 7o . > I '' 1 ’ 


K2G1^2oi ^274 ^2s^^^2^7r^29^3 '^29t*.'v-JiX»Sjl2 I 1 2 


,S513i5ol9iS52,'>iSj31 Ni.T N743 ^349 N7r»7>>V»i 1 I 

|S573j5s379jN5-'>5j.S391 s>'J' >>(}<')3i'^0»C“''rs61tTfjsi21 I 1 
s633jbC39jM>45jSG5l m> 5' M>03,'Mk3*J^*'977? v>*‘j 1 I 

!S692'SG9.s|.s704'S71l/H7IGs72i\s727S73;':'''r.'l-.* <\' ! 1 
|S751,>>7ot):'>7G2 ^7f>.^,''774.^77^7’'7s'.^7vl.''7•.^ n-s.:. I 1 
'S.S0hi^^l4;S82«Ji>-S23,Wil;sNi7:v42>M‘' s.nV, 1 1 

■Sb65 SS71..NS76 Ss>2 ''IH«4 "9 1-.' *'91 'I 1 1 


80 9€3i : 9iJ3G , 9042 , l^‘ j9<)53/903>S*.j»>i : i^.>6-.^9»...r4 

i9US3!9U9oi90l^;910ll01069Jll2i91i:i9122 
!913b!9143iy 14919134 9159'9iG3 9170 9177. 9i^- ^ 
|919i;9190i9201y20G9212,9217.9222;922r>-.^2 
i i I ? ! « 

9243 924s 9253;923S‘9263 P2G9 9274 927i,92H4 
9204i921^ 9304:im9'9315;932i' 932,vl^i3(.^^ 
9345|9350 935oi0390j9305,937l'.0 i775j93*M 

9395 9400 9405i9410 9415 1M20’9425W35* 9433! 
im5 94o0.*lMo5:y46o|94a5/94095:H74;9479-94^4 
9494.9499j9504-93<)9j9ol3:93I'';9'i23 972*'-9V-j.; 


9731 9739 9741 9745 975a 7r5-r*759.97G3 97*‘^ ..“77 i 0 I 1 
9777 97^2 97 n'. .C »’* '.*795 '*'>“«• >V’.’ '.*Sf‘-*:-9''.14 Oil 
9^23 9^27 ;.'S32 ■ jSv.V^' •' 41 '«‘V'ii.:_9Vj4''''N"9'9N9 ■*/ Oil 

|9sG'' 9872 9.977 9S>1'9.SS6 9SlHy9S94',9S% 9909: -fif/.s 0 i 1 
l9912|9917|992i '992019930 i*934'9939i\#943-v?^*4''-’>i5jj 0 ! 1 
9950i9%l!99t57/3>‘^G9'i^74 997>99N;3'99.’'7 ‘>.'h*l'‘*’>>.. 0 1 1 


corre^ndkig to the lirst three figures, liere may be au error of 1 la iii€ ij-st plart 


' ■'122 

' 1 

! 

2 

13 

3 1 




I "I"’ 

i 

i 

2 

1 3 

,1 4 




►>25* 

■ i 

1 

2 


3 4 




1 

1 

1 

2* 

1 





ri.Ni.*'. 

1 J 

1 

2 

1 3 


1 



sS4 

1 

1 

2 

1 4 


4 

5 


'.nV.' 

1 

1 

2 

1 4 


4 

5 

0 


1 

1 

2 

’i 

4 

4 

5 


v,21 

1 

1 

2 

,1 

3 4 

4 

7» 



1 

1 

2 

If 

:s 4' 

1 

7» 


' ^7 r 

! 

1 

2 


3 4 

1 

5 


’ NS- 

1 

1 

•"» 

2 

A 3 

1 

,j 



1 

1 

2 

2 

3 4 

1 

1 


'Hi?;, 

1 1 

1 

2 

2 

3 3 

4 

4 


^ '971 

1 

! 

2 

2 

3 3 , 

A 

4 



i 

1 

2 ; 

•» 

:i 3 j 

4 

4 



1 

1 

2 i 

1 ^ 

3 3 1 

4 

■4 


yl’v'. 

1 

1 

2 



4 

i 



1 

1 

2 



■'* 

4 

’t 

92 « 

I 

1 

2 



4 

4 


<>'J X ‘ »■ 

1 

I 

2 

•"> 

3 3 

4 

4 



1 

1 

2 

2 

a 3 

i 

1 

* 

oy-: 

1 

1 

<■} 



1 

4 


944*« 

1 

1 

2 



A 

1 

5 

94 "9 

0 

I 

1 




4 

-i 

'.♦vJ-yS 

0 

1 

1 



3 

4 

4 

2.*3.V’! 

i 0 1 

1 




4 


OO,-; V 

! 0 

1 

1 ' 

2 

2 


4 

4 

■ !.■( 

0 

1 

1 i 

2 

2 3 

A 

4 

■i 

*727' 

0 

1 

^ i 

2 

2 ;{ 

3 

4 

4. 

j77i 

0 

1 

1 ' 

2 

2 3 

3 

4 

4 


0 

1 

1 i 

2 

2 

3 

4 

4 

I,, 

0 

1 

1 

: 2 

2 3 

3 

4 

4 

■ f >. *-S 

0 

i 

1 j 

2 

2 3 

3 

4 

4 

;’.***7>2 

J'f 

! 

1 ! 

2 

2 .,i 

3 

3 

4 


6 

1 

1 * 

2 

2 3 


3 

1 


1 

- 

3 ■ 

4 


7 

> 

9 

ih firarp tn 


>■* »r 


inmi 




136 


Table XIV b — Antilogarlthms to Four Pkces rxiv b 



(M Cl Cl Cl 


























138 Table XIV c — Four Place Trigonometric Functions [xiv 

{Char:aetarktics of Ix^arithins omitted — determine by the usual rule from the vaiue| 



.0116 

.0145 


.0175 

.0204 

.0233 

.0202 

.0291 

.0320 

.0349 
.0378 1 
.0407 
.0436 i 
.0465 
.0495 : 
.0524 
.0553 
.0582 
.0611 
.0640 
.0669 

.0698 

.0727 

.0756 

.0785 

.0814 

.0844 

.0873 

.0902 

.0931 

.0960 

.0989 

.1018 

.1047 

.1076 

.1105 

.1134 

.1164 

.1193 

.1222 

*1251 

.1280 

.1309 

.1338 

.1367 

.1396 

.1425 

.1454 

.1484 

.1513 

.1542 

.1571 



.9403 .0875 
.9545 -0904 
.9682 .0934 
.9816 .0963 
.9945 .0992 
,0070 .1022 

.0192 .1051 
.0311 -lOSO 
-0426 -1110 
.0539 .1139 
.0648 .1169 
.0755 .1198 

.0859 ,1228 
-0961 .1257 
.1060 .1287 
.1157 .1317 
-1252 .1346 
.1345 -1376 

; .1436 .1405 
.1525 .1435 
.1612 .1465 
i .1697 .1495 
.1781 .1524 
> .1863 .1554 


Value liOgio Value Logic Value Logic Value Logw I 

rjASTTCSI 1 r?iVrri xr/SiKion I T’l VWTPWin 1 .Qmrrt I 















XlV c] Four Place Trigonometric Functions 139 

iCfcarac*«ri£ikr« of csuiied— d#‘t«'sdse ly iftf ru-k from 
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Four Place Trigonometric If'imctioAS [Xiv c 

[Characteisties of Logarithms — dettttoiae by the usual role from the rahiel 


Ra-buks 

Dsgeess 

Seas 

Value Logss 

Value Logjo 

CoTAiraiirr 
Valt» LogM 

Cosijos 
Value LogM 

1 

1 

n 

* .3142 

IS'^OO' 

.3090 

.51 1813.0777 .4882 

.9511 .9782 

72° 00' 

1.2566 

.3171 

10 

.3118 

.5101 

3.0475 .4839 

,9502 .9778 

50 

1,2537 

.3200 

20 

.3145 

.5203 

3.0178 ,4797 

.9492 .9774 

40 

1.2508 

,.3229 

30 

.3173 

.5245 

2.9SS7 .4755 

.9483 .9771 

30 

1.2479 

.3258 

40 

.3201 

t .5287 

2.9600 .4713 

.9474 .976^ 

20 

1.2450 

.3287 

50 

.3228 

.5329 

2.9319 .4671 

.9465 .9761 

■10 

1.2421 

.3316 

19^00' 

.3256 

:443 .5370 

2.9042 .4630 

.9455 .9757 

71° 00' 

1.2392 

.3345 

10 

.3283 

.5411 

2.S770 .4589 

.9446 .9752 

50 

1.2363 

.3374 

20 

.3311 

1 .5451 

3.8502 .4549 

.9436 .9748 

40 

1-2334 

.3403 

30 

.3338 

.5491 

2.8239 .4509 .9426 .9743 

30 

1.2305 

.3432 

40 

.3365 

,5531 

2.7980 .4469 

.9417 .9739 

20 

1.2275 

.3462 

50 

.3393 

.5571 

'5.7725 .4429 

.9407 .9734 

10 

1.2246 

.3491 

^ 00 ' 

.3420 .5341 

.3640 .5611 

2.7475 .4389 

.9397 .9730 

70° 00' 

1.2217 

.3520 

10 

.3448 .o37o 

.3673 .5650 

2.7228 .4350 

.9387 .9725 

50 

1.21S8 

.3549 

20 

.3475 .5409 

.3706 .5689 

2.69S5 .4311 

.9377 .9721 

40 

1.2159 

..357S 

30 

.3502 .5443 

.3739 .5727 

2.6746 .4273 

.9367 .9716 

30 

1.2130 

.3607 

40 

.3529 .5477 

.3772 .5766 

2.6511 .4234 .9356 .9711 


1.2101 

.3636 

50 

.3557 .5510 

.3805 .5804 

2.6279 .4196 .9346 .97 


1.2072 

..3665 

21° 00' 

.3584 .5543 

.3839 .5842 

2.6051 .41581.9336 .9702 

69° 00' 

1.2043 

1.3694 

10 

.3611 .5576 

.3873 .5879 

2.5S26 .4121 .9325 .9697 

50 

1.2014 

.3723 

20 

.3638 .5609 

.3906 .5917 

2.5605 .4083 .9315 .9692 

40 

1.1985 

.3752 

30 

.3665 .5641 

.3939 .5954 

2,5386 .4046 .9304 .9687 


1.1956 

.3782 

40 

.3692 .5673 

.3973 .5991 

2.5172 .4009 .9293 .9 


1.1926 

.3811 

50 

.3719 .5704 

,4006 .6028 

2.4960 .3972 .9283 


1.1897 

.3840 

22° 00' 

.3746 .5736 

.4040 .6064 

2.4751 .3936 .9272 .9672 68°00' 

1.1868 

, .3869 

10 

.3773 .5767 

.4074 .6100 

2.4545 .3900 .9261 


1.1839 

.3898 

20 

.3800 .5798 

.4108 .6136 

3,4342 .3864 .9250 


1.1810 

.3927 

30 

.3827 .5828 

.4142 .6172 

2,4143 .3828 .9239 
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^ ^a!uc L(^ \alue Logs j Value LogM Value 
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.4712 

.4741 

.4771 

.4S00 

.4829 

ASdS 
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.4916 

.4945 
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.5032 

.5061 
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.5265 
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.5411 
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.5672 
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.62S3 36®00l 5S7S .7602 .7265 .86131.3764 .13&4 .8090 .9OS0|54°00i .9425 
.6312 10 5901 .7710; .7310 .$639| 1.3680 .1361 -S073 .9070' 50 .9396 

.6341 20 .5925 .772' .7355 .8666! 1.3597 ,1334.8056 .9061 40 .9367 

,0370 30 .5948 .7744; .7400 .8692' 1.3514 .i30S|.S039 .9052i 30 .9338 

,0400 40 .5972 .7761 .7445 .S7is|l.3432 .1282 .8021 .9042 20 .9308 

.0429 50 ,5995 .777b| .7490 .8745: 1.3351 .1255 .8004 .9033 10 .9279 

.0458 37®00l,60iS .7795 .7536 .8771 1.3270 ,1229! r9S6 .9023 53® 00^ .9250 
G4b7 iU 0041 .7bli .7581 .8797 1.3190 .12U3|.7969 .9014 50 .9221 

6516 20 6065 .7b28| .7627 .8824 1.3111 .1176! .7951 .9004 40 .9192 

.6545 30 6088 .7844 .7673 .8850 1.3032 .11501 r934 .8995 30 .9103 

.6574 40 6111.7861 .7720 .8876 1.2954 .1124; .7916 .8985 20 .9134 

.6603 50 .6134 .7877 .7766 .8902 1.2876 .1098! .7898 .8975 10 .9105 

.6632 38® 001 6157 .7893 .7813 .89281.2799 .1072 .7880 .8965 62® 001 .9076 

.6061 10 6180 .79101 .7860 .8954 1.2723 .1046 .7862 .8955 50 .9047 

.6690 20 6202 9261 .7907 .8980 1,2647 .1020 .7844 .8945 40 .9018 

.6720 30 ,6225 941 .7954 .9006 1.2572 .0994; .7826 .8935 30 .8988 

.6749 40 .6248 95 .8002 .9032 1.2497 .0968 .7808 .8925 20 .8959 

.6778 50 ,6271 7973| .8050 .9058! 1.2423 .0942; .7790 .8915 10 .8930 

.6807 39® 001,6293 .7989 .8098 .^S4!l.2349 .0916! .7771 .8905 51® 001 .8901 

.6836 10 .6316 .8004 .8146 .9110! 1.2276 .0800 ,7753 .8895 50 .8872 

.6865 20 .6338 .8020 .8195 .91351 1.2203 .0865 .7735 .8884 40 .8843 

.6894 30 .6361 .8035 .8243 .9161 1.2131 .0839 .7716 .8874 30 .8814 

.6923 40 .6383 .8050 ,8292 .9187 1.2059 .0813 .7698 .8864 20 .8785 

.6952 50 .6406 .8066 .8342 .9212 1.19S8 .0788 .7679 .885^ 10 .8756 

.6981 40® (XK .6428 .8081 .8391 .9238! 1.1918 .0762 .7660 .8843 50® 00^ .8727 

.7010 10 6450 .80961 .8441 .9264 1.1847 .07361.7642 .8832 50 .8698 

.7039 20 6472 .8111 .8491 .9289| 1.1778 .0711 .7623 .8821! 40 .8668 

.7069 30 ,6494 .8125 .8541 .9315| 1.1708 .0685 .7604 .8810 30 .8639 

.7098 40 6517 .8140 .8591 .9341 1.1640 .0659 .7585 .8800 20 .8610 

.7127 50 6539 .8165 .8642 .936611.1571 .0634 .7566 .8789 10 .8581 

,7156 41®CKr .6561 ,8169 .8693 .9392| 1.1504 .0608] .7547 .8778 49®0(r .8552 
.7185 10 .6583 .8184 .8744 .941 1.1436 .0583 .7528 .8767 50 .8523 

.7214 20 6604 ,8198 ,8796 .9443! 1.1369 .055 .7509 .8756 40 .8494 

.7243 30 .6626 .8213 .8847 ,946811.1303 .0532] .7490 .8745 30 .8465 

.7272 40 .6648 .822 .8899 .9494lld237 .0506|.7470 .8733 20 .8436 

.7301 50 .6670 .8241 .8952 .9519| 1.1171 .0481 ,7451 .8722! 10 .8407 

.7330 42® 00' 6691 .82551 .9004 .9544:1.1106 .0456.7431 .8711! 48® 00' .8378 
.7^359 10 6713 .8269 .9057. .9570] 1.1041 .0430 .7412 .8699 50 .8348 

.7389 20 6734 .8283! .9110 .95951 1.0977 .0405 .7392 .8688 40 .8319 

.7418 30 6756 .S297| .9163 .9621 1.0913 .0379 .7373 .8676 30 .8290 

.7447 40 .6777 .8311 .9217 .964611.0850 .0354.7353 .8665 20 .8261 

.7476 50 .6799 ,8324| .9271. .9671 1.0786 ,0329 .7333 .8653 10 .8232 

.7505 43® OO' .6820 .SSSsi .9325 .9697! 1.0724 .0303.7314 .8641 47®00' .8203 
.7534 10 .6841 .8351 .9380 .9722] 1.0661 .0278 .7294 .8629 50 .8174 

.7563 20 ,6862 .8365 .9435 .9747 1.0599 .0253 .7274 .8618 40 .8145, 

.7592 30 .6884 .8378: .9490 .9772 1.0538 .0228 ,7254 .8606 30 .8116 

.7621 40 ,6905 .8391 .9545 .9798 1.0477 .0202 .7234 .8594! 20 .8087 

.7650 50 .6926 .8403| .9601 .9823 1.0416 .0177 .7214 .8582 10 .8058 

.7679 44®00'L6947 .8418 .9657 .98481.0355 ,0152.7193 .8569 46® OO' .8029 
.7709 10 1.6967 .8431 .9713 .9874 1.0295 .0126 .7173 .855 50 .7999 

.7738 20 .6988 .8444 .9770 .9899 1.0235 .0101 .7153 .85451 40 .7970 

.7767 30 .7009 .8457 .9827 .9924 1.0176 .00761.7133 .8532 30 .7941 

.7796 40 [.7030 .8469 .9884 .9949 1.0117 .0051 .7112 .8520 20 .7912 

.7825 50 .7050 .8482 .9942 .9975:1.0058 .00251.7092 .8507 10 .7883 

.7854 46® 00' (.7071 .8495 1.0000 .0000| 1.0000 .0000|.707I .8495 45° 00' .7854 
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Directions 


A reasonably accurate slide-rule 
may be made by the student, for 
temporar}^ practice, as follows. 
Take three strips of hea\y stiff 
cardboard 1".3 wide by 6" long; 
these are shown in cross-section in 

(1) , (2), (3) above. On |3) 

paste or glue the adjoining cut 
of the slide rule. Then cut strips 

(2) and (3) accurately along the 
lines marked. Paste or glue the 
pieces together as shown in (4) 
and (o). Then (5) forms the 
slide of the slide-rule, and it will 
fit in the groove in (4) if the work 
has been carefully done. Trim 
off the ends as shown in the large 
cut. 
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Directions 


A reasonably accurate slide-rule 
may be made by the student, for 
temporar}^ practice, as follows. 
Take three strips of hea\y stiff 
cardboard 1".3 wide by 6" long; 
these are shown in cross-section in 

(1) , (2), (3) above. On |3) 

paste or glue the adjoining cut 
of the slide rule. Then cut strips 

(2) and (3) accurately along the 
lines marked. Paste or glue the 
pieces together as shown in (4) 
and (o). Then (5) forms the 
slide of the slide-rule, and it will 
fit in the groove in (4) if the work 
has been carefully done. Trim 
off the ends as shown in the large 
cut. 
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